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Section  B.  of  the  American  Gas  Institute  held  at  the  Jeffer- 
son Hotel,  Richmond,  Va.,  Thursday,  October  i6,  1913,  was 
called  to  order  at  10  A.  M.  by  the  second  Vice-President,  Mr. 
C.  N,  Stannard  of  Denver. 

The  Chairman:  I  will  ask  Mr.  Vincent  to  act  as  Secre- 
tary on  this  occasion.  The  first  on  the  program  is,  The  In- 
stallation of  Cast  Iron  Street  Mains,  by  Walton  Forstall. 

Mr.  Walton  Forstall  then  read  the  abstract  of  his  paper 
on  the  above  subject. 

THE  INSTALLATION  OF  CAST  IRON  MAINS. 

Abstract — This  paper  considers  in  great  detail  the  installation  of 
cast  iron  bell  and  spigot  mains  for  low  pressure  distribution.  It  does 
not  describe  any  equipment,  nor  does  it  contain  any  reference  to  the 
designing  or  maintenance  of  a  street  main  system.  It  is  written  mainly 
with  the  idea  of  aiding  the  beginner  to  obtain  a  certain  knowledge  of 
main  laying  in  a  shorter  space  of  time  than  might  t>e  possible  were 
he  obliged  to  depend  on  verbal  instruction  and  daily  experience. 

It  begins  with  the  proper  organization  of  a  main  laying  sta£f,  from 
the  superintendent  to  the  laborer,  with  the  duties  of  each  one  in  the 
chain,  and  how  these  duties  are  affected  by  the  size  and  character  of 
the  operation.  The  composition  of  main  laying  gangs  under  various 
conditions  is  given.  The  work  preliminary  to  trench  opening,  such  as 
pre-inspection  of  site,  delivery  of  material,  nature  and  location  of 
equipment,  are  described.  Then  follows  the  removal  of  various  kinds 
of  paving  and  the  separate  disposal  of  the  different  kinds  of  excavated 
material.  Under  trenching,  the  protection  of  the  public  by  barriers  and 
bridges,  of  the  workman  by  shoring,  and  of  the  trench  from  water 
damage,  is  considered,  and  the  best  arrangement  of  the  digging  gang, 
both  for  earth  and  for  rock.  The  actual  laying  of  the  pipe  includes 
the  oncanization  of  laying  gangs  for  large  and  for  small  pipe,  the 
individual  duties  of  each  man;  the  progress  of  a  length  from  the 
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street  surface  to  its  final  resting  place  in  the  line;  and  the  laying  of  a 
branch,  a  hub  split  sleeve  and  a  bat  flange.  Under  jointing,  there  is  a 
detailed  description  of  yarning  and  of  making  lead  and  cement  joints, 
with  the  various  precautions  to  be  observed  in  the  use  of  the  latter 
material.  Lead  wool  is  only  touched  on.  Several  ways  of  testing  joints 
are  mentioned. 

Blocking  is  recommended  as  a  precaution  against  settlement.  The 
bagging  off  of  gas  supply  is  thoroughly  gone  into,  including  the  points 
that  must  be  borne  in  mind  to  prevent  any  underground  interruption 
in  gas  supply.  Two  methods  of  purging  mains  are  described.  The 
maintenance  of  gas  supply  during  main  replacement  is  explained  for 
three  different  conditions. 

Various  methods  of  refilling  trenches  are  considered  and  a  strong 
plea  made  for  a  prompt  and  thorough  cleaning  up  after  work  com- 
pletion. Repaving  as  applied  to  various  classes  of  road  surfaces  is 
discussed,  with  a  consideration  of  the  arguments  for  and  against  the 
employment  of  a  paving  contractor.     A  list  of  paving  equipment  is 

The  recording  of  main  work  is  described  at  length,  A  method  is 
given  for  a  system  of  new  mains  only,  one  for  old  mains  only,  and  a 
third  applicable  to  both  new  and  existing  mains. 

The  paper  concludes  with  a  discussion  of  the  reasons  for,  the  loca- 
tion and  design  of,  and  the  inspection  of  mains  on  bridges,  under  sur- 
roundings usually  met  with  in  cities. 

INTRODUCTORY. 
The  design  of  this  paper  is  to  describe  in  great  detail  the 
installation  of  street  mains,  including  the  requisite  organiza- 
tion of  the  main  laying  force.  It  is  meant  primarily  for  the 
learner  in  distribution  work,  but  the  writer  hopes  that  it  will 
be  of  some  assistance  to  older  men,  if  only  because  it  gathers 
in  one  place  and  in  logical  order,  information  that  hitherto  has 
not  been  thus  available,  concerning  American  distribution  prac- 
tice. As  the  paper  forms  part  of,  and  is  taken  from,  a  much 
larger  work,  it  contains  no  reference  to  the  designing  or  main- 
tenance of  a  street  main  system  nor  does  it  describe  the  equip- 
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ment  generally  used.    The  inclusion  of  these  subjects  would 
have  added  too  much  to  the  existing  many  pages. 

It  is  hoped  that  the  early  appearance  of  the  paper  will  be 
taken  advantage  of  by  our  distribution  engineers  generally,  and 
that  they  will  be  prepared  to  discuss  it  fully  in  October,  so 
that  when  it  is  embodied  in  the  proceedings,  it  will  represent 
not  merely  the  ideas  of  one  man  or  set  of  men,  but,  as  inter- 
preted in  the  light  of  the  criticisms  which  undoubtedly  it 
deserves,  and  should  get,  it  will  become  a  useful  treatise  on  its 
partictilar  detail  of  distribution  practice. 


ORGANIZATION  FOR  WORK. 
SMALL  TOWNS. 

The  proper  organization  of  a  force  for  the  work  of  main 
laying  will  vary  according  to  local  conditions,  as  the  sphere  of 
operation  is  first,  in  a  small  town,  or  the  growing  fringe  of  a 
large  city;  or  second,  in  the  congested  portion  of  a  large  city. 
It  will  also  vary  somewhat  in  any  particular  locality,  with  the 
length  and  size  of  the  main  being  laid,  whether  small,  vis.,  12" 
or  under,  or  large,  vis.,  16"  or  over.  (In  the  future,  the 
words  small  and  large  will  be  used  in  this  sense  when  referring 
to  main  work.)  In  any  event,  the  street  main  work  should  be 
under  one  man  who,  whether  the  superintendent  himself  (as 
would  be  the  case  in  many  companies)  or  not,  will  be  con- 
sidered for  our  purpose  as  being  called  the  general  main  fore- 
man, and  will  be  referred  to  as  the  main  foreman. 

In  the  first  case  spoken  of  above,  vis.,  a  small  town,  or  the 
growing  fringe  of  a  large  city,  the  duties  of  the  main  foreman 
will  be  very  general.  He  will  make  a  prior  inspection  of  all 
locations  where  work  is  to  be  done,  plan  the  work,  decide  per- 
haps upon  the  character  of  and  arrange  for  the  delivery  of  the 
specials  to  be  used,  as  well  as  all  other  material,  exercise  a  gen- 
eral oversight  while  the  work  is  being  done,  and  inspect  the  site 


D.gnzed  by  Google 


after  completion.  In  some  instances,  he  will  act  as  timeke<per 
and  also  check  any  reports  made  out  by  the  gang  foreman. 

If  the  work  consists  almost  entirely  of  laying  mains  to  supply 
row  after  row  of  houses,  or,  as  they  are  called  in  Philadelphia, 
"building  operations,"  as  the  majority  of  these  operations  are 
begun  in  the  spring  and  finished  in  the  fall,  and  the  most 
economical  organization  of  the  main  force  is  that  of  a  constant 
number  of  men,  able,  by  working  three  hundred  days  in  the 
year,  to  lay  the  miles  of  mains  required  annually,  then,  in  order 
that  the  main  and  service  work  shall  always  be  finished  when 
gas  is  needed,  or,  as  is  more  usual,  when  the  builder  is  ready 
to  pave  street  and  footway,  it  often  becomes  necessary  to  lay  a 
main  in  some  streets  soon  after  the  house  foundations  are 
begun.  This  will  sometimes  mean  that  the  proper  line  and 
grade  stakes  must  be  obtained  from  the  city  surveyor,  and  then 
the  main  foreman  takes  the  gang  foreman  to  the  location  and 
gives  him,  with  reference  to  the  stakes,  ail  the  information 
necessary  in  regard  to  opening  trench.  The  two  foremen  also 
decide  upon  the  best  starting  point  and  any  other  details  in 
r^ard  to  the  work,  such  as  the  proper  character  and  location 
of  the  necessary  specials,  including  drips,  for  under  the  condi- 
tions being  described,  there  will  be  few  underground  structures 
encountered  to  cause  unexpected  changes  in  plan.  As 
mentioned  before,  the  delivery  of  this  and  any  other  material, 
and  of  tools  and  equipment  will  come  directly  under  the  super- 
vision of  the  main  foreman,  and  if  the  team  used  is  also  em- 
ployed in  hauling  material  for  service  work,  the  main  foreman 
will  make  all  his  plans  for  this  team  in  conjunction  with  the 
service  foreman,  in  order  to  insure  its  most  economical  use 
each  day. 

Where  the  recording  of  main  work  is  done  by  the  main  de- 
partment, the  main  foreman  will  generally  make  the  necessary 
sketches,  assisted  by  the  gang  foreman  for  such  portions  of 
main  as  may  be  laid  and  covered  up  in  the  absence  of  the  main 
foreman. 

To  sum  up,  in  the  conditions  now  being  described,  the  main 


D.gnzed  by  Google 


foreman  plans  the  movement  of,  and  lays  out  in  detail,  the 
work  of  each  main  gai^,  and  the  gang  foreman  handles  his 
men  to  get  the  designated  work  done  with  the  greatest  possible 
despatch  and  efficiency. 

The  composition  of  each  individual  gang  will  depend  largely 
upon  local  conditions.  For  the  Philadelphia  work,  in  the  grow- 
ing fringe,  where  most  of  the  laying  is  6"  in  dirt  streets,  and 
the  average  job  is  one  block,  or  about  five  hundred  feet,  the 
following  personnel  has  been  used  to  great  advantage : 

1  gang  foreman 

2  caulkers 

a  caulkers'  helpers 
14  laborers 

In  warm  weather,  a  water  boy  should  be  employed  to  enable 
the  men  to  keep  steadily  at  work,  and  not  be  continually 
leaving  the  trench  to  walk  to  the  water  pail,  disorganizing  the 
work. 

Experience  has  shown  that  with  a  good  organization  and  a 
competent  foreman,  a  small  gang  of  this  kind  will  turn  out  a 
splendid  amount  of  work  per  man.  Each  laborer  becomes  a 
picked  man  and  is  worth  the  extra  pay  he  gets.  It  is  also 
surprising,  if  the  proper  brains  be  directing  the  main  work, 
how  constant  may  be  the  ntmiber  of  laborers  to  take  care  of 
what  would  seem  to  be  a  very  fluctuating  amount  of  building 
operations,  as  measured  by  the  number  begun  each  month.  It 
is  needless  to  say  that  where  a  gang  is  continually  changing 
in  size  throughout  the  year,  the  output  per  laborer  is  appreci- 
ably lessened. 

LARGE  CITIES. 

The  second  case  spoken  of  at  the  beginning  of  this  chapter, 
vk,,  where  the  sphere  of  work  includes  the  congested  portion 
of  a  large  city,  necessitates  a  change  in  the  mode  of  working 
and  more  of  an  organization.    The  main  foreman's  duties  will 
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be  lately  executive,  and  he  can  have  little  detail  work  to  do, 
as  he  must  be  free  at  all  times  to  go  where  needed.  He  will 
often  have  to  confer  with  the  oBicial  of  other  companies  when 
chains  of  locations  of  gas  mains,  or  other  structures,  are  in 
question,  or  cases  of  interference,  or  damage,  have  arisen.  So 
much  of  his  time  will  be  taken  up  in  this  way  that  he  cannot 
have  very  intimate  rdations  with  the  gang  foremen,  or  lay  out 
their  work  in  detail.  He  must  teach  these  foremen  to  be  able 
to  decide  for  themselves  in  ordinary  cases.  As  he  cannot 
follow  any  daily  routine  in  his  work,  he  should  always  keep  in 
tQuch  with  his  office,  so  that  he  can  be  reached  quickly  if 
necessary. 

The  gang  foreman  it  will  be  readily  seen,  should  be  of  a 
higher  type  than  is  needed  in  situations  where  the  main  fore- 
man looks  after  much  detail.  While  the  main  foreman  will 
have  direct  charge  of  the  material  delivery  teams,  the  gang 
foreman  will  determine  the  material  wanted,  and  its  time  of 
delivery.  These  orders  will  usually  be  telephoned  to  the  office 
for  approval  by  the  main  foreman,  who,  because  of  his  know- 
ledge as  to  the  exact  conditions  of  all  his  work,  is  best  able  to 
decide  upon  the  details  of  their  execution.  Inasmuch  as  the 
careful  routing  of  such  orders  as  to  distances  traversed  by 
heavy  or  light  loads,  does  not  appeal  to  the  average  driver, 
the  main  foreman  is  often  able,  by  good  routing,  to  decrease 
considerably  the  work  of  his  teams.  Beside  knowing  how  to 
handle  his  men  efficiently,  the  gang  foreman  must  possess  good 
juc^ment,  not  only  in  ordinary  routine  work,  as  for  instance, 
in  regard  to  the  amount  of  trench  opened  ahead  of  pipe  layii^, 
but  also  in  meeting  any  peculiar  conditions  that  may  arise  in 
the  absence  of  the  main  foreman.  Instant  action  may  be 
necessary  to  prevent  loss  of  life,  or  damage  to  property,  and 
the  gang  foreman  should  be  able  to  act  quickly  and  have  a 
fertile  mind,  and  ability  to  reason  carefully.  When  the  gang 
foreman  is  not  stationed  for  the  day  at  any  one  particular  loca- 
tion, he  should  keep  the  office  in  touch  with  his  movements, 
preferably  by  telephone. 
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Neither  tTie  main  foreman  nor  the  gang  foreman  should  be 
expected  to  make  any  sketches  of  the  work  done.  To  avoid 
all  possible  chance  of  misunderstanding,  no  job  should  be  done 
except  on  a  written  order  issued  by  the  office  and  accompanied 
by  a  sketch  giving  in  detail  all  available  information  necessary 
for  the  work. 

The  personnel  of  each  main  gang  will  be  of  a  fairly  high 
type,  especially  in  caulkers  and  helpers,  because  the  obstruc- 
tions encountered  and  the  heavy  street  traffic  make  pipe  laying 
difficult.     In  Philadelphia  a  gang  composed  as  follows  is  used : 

I  gang  foreman 
4  caulkers 
4  caulkcTg'  helpers 
i6  laborers 

In  especial  cases  of  tedious  or  dangerous  work,  the  whole  gang 
should  be  composed  of  experienced  men. 

For  small  jobs  of  changing  mains,  where  backfilling  follows 
immediately  upon  laying,  such  as  laying  around  manholes,  the 
gang  would  be  as  follows: 

I  gang  foreman 
3  caulkers 
3  caulkeri'  helpers 
1  laborer 


PRELIMINARY  WORK. 
PRE-INSPECTION  OF  SITE. 

To  insure  continuity  of  work  for  a  main  gang,  it  is  necessary 
to  have  always  planned  out  ahead,  jobs  covering  a  week  or  ten 
days.  A  pre-inspection  of  each  street  is  essential  to  ascertain 
what  obstructions  may  exist  along  the  proposed  line  of  main. 
Where  a  building  operation  is  in  prc^ess,  there  are  often  piles 
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of  building  material,  mortar  bed,  plaster  bed,  etc.  By  giving 
the  builder  sdtne  days'  notice  of  the  time  for  beginning  work, 
he  will,  especially  if  he  is  anxious  to  have  the  main  laid, 
arrange  to  have  a  clear  path  for  the  trench.  If  is  often  neces- 
sary, however,  to  see  various  sub-contractors  and  to  make 
several  calls,  and  if  possible  the  gang  should  not  be  shifted  to 
any  location  until  all  obstacles  are  out  of  the  way. 

At  this  point  it  will  be  well  to  speak  about  one  phase  of  pre- 
liminary work  in  connection  with  large  main  laying,  that  is 
peculiar  to  congested  conditions,  viz.,  the  ascertaining  whether 
at  the  location  given  for  the  trench,  sufficient  space  will  be 
found.  Generally,  before  a  permit  is  asked  for  from  the  City, 
or  perhaps  before  a  route  is  laid  out  for  the  main,  test  holes 
have  been  dug  to  ascertain  the  exact  location  of  the  existing 
underground  structures.  The  frequency  of  these  holes  and 
their  extent  will  vary,  depending  upon  the  conditions  found. 
If  it  is  apparent  that  there  is  plenty  of  available  space,  few 
test  holes  will  be  needed.  If,  however,  conditions  are  very 
congested  in  the  route  and  at  the  location  finally  decided  on, 
then,  unless  the  preliminary  test  holes  were  within  one  hundred 
feet  of  each  other,  it  is  advisable  at  some  time  before  actually 
beginning  the  work  with  a  large  gang,  to  open  a  series  of  test 
holes  covering  two  or  three  blocks,  and  thus  definitely  deter- 
mine the  exact  location  of  the  trench.  It  sometimes  happens 
that  this  will  be  a  zigzag  line.  As  the  work  progresses,  test 
holes  may  be  opened  for  the  rest  of  the  route.  It  is  always 
advisable  to  do  this  test  hole  work  well  in  advance  of  the 
necessity  for  trench  opening,  especially  if  a  change  in  location 
requires  an  application  to  the  City.  In  length,  the  test  hole 
should  of  course  cover  the  space  to  be  explored,  and  in  depth, 
it  should  equal  the  probable  depth  of  trench  required.  In  addi- 
tion a  bar  should  be  driven  in  several  feet  at  various  points  in 
the  bottom  of  the  hole  to  make  sure  that  no  structure  lies 
beneath. 

DELIVERY  OF  MATERIAL. 

The  delivery  of  material,  such  as  pipe  and  specials,  should 
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also  be  arranged  for.  Where  the  force  employed  in  main  lay- 
ing is  fairly  constant  in  size  for  several  months,  it  is  com- 
paratively easy  to  estimate  the  weekly  or  monthly  need  for 
pipe.  As  to  the  yearly  need,  it  has  been  found  possible  in 
Philadelphia  to  anticipate  tt  very  closely,  and  to  place  such 
orders  with  the  fonndries  that  carloads  of  pipe  will  be  received 
as  wanted,  and  more  than  90  per  cent,  of  the  lengths  hauled 
directly  from  the  car  to  the  street.  This  makes  for  great 
economy  in  handling. 

In  strii^tng  the  pipe,  if  12*  or  larger,  it  should  be  left  with 
bells  all  pointing  the  same  way,  viz.,  in  the  direction  in  which 
the  main  will  be  laid.  This  direction  should  be  whatever  local 
conditions  make  most  convenient,  except  where  there  is  a  grade 
exceeding  5  per  cent.,  in  which  case  the  bells  should  always 
point  up  hill,  reversing  direction  at  each  low  point  and  summit. 
When  the  pipe  is  smaller  than  12",  it  does  not  pay  to  add  to 
the  expense  of  loading  and  unloading  by  requiring  one  direc- 
tion of  bells.  The  pipe  should  be  strung  as  closely  as  possible 
to  the  curb  and  on  the  side  of  the  future  trench,  except  in  the 
case  of  large  pipe  when  the  trench  is  some  distance  from  the 
curb,  and  the  excavated  material  will  occupy  all  the  space 
between  curb  and  trench,  so  that  the  pipe  must  be  rolled  across 
the  street  as  needed.  Under  ordinary  city  conditions,  where 
the  street  is  open  to  travel,  the  pipe  must  be  properly  lamped 
each  night. 

In  addition  to  the  pipe,  certain  special  castings  may  be 
delivered  on  the  street  prior  to  beginning  work.  This  is  more 
apt  to  happen  with  large  mains  than  small  ones,  for  in  the 
former  case,  there  are  often  opportunities  to  economize  by 
hauling  the  specials  directly  from  the  car,  while  the  small 
specials,  being  ordered  in  large  quantities,  usually  before  the 
banning  of  active  main  laying,  are  at  the  various  store  yards. 
Also,  a  large  main  job  implies,  as  a  rule,  a  length  of  one 
thousand  feet  or  more,  and  the  use  of  a  minimum  number  of 
certain  specials  no  matter  what  may  be  the  underground  condi- 
tions.   This  is  not  true  of  the  average  6'  job  under  Philadel- 
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phia  conditions,  where,  if  laying  from  an  intersection  already 
in  place,  to  the  other  end  of  a  block,  beyond  which  the  develop- 
ment is  uncertain,  there  may  be  no  specials  of  any  kind  re- 
quired. Again,  if  an  intersection  is  to  be  laid,  it  may  be  known 
what  tees  and  crosses  arc  required,  but  the  necessity  for  bends 
is  uncertain,  depending  entirely  on  underground  conditions,  yet 
to  be  revealed.  Therefore,  it  may  frequently  be  more 
economical  to  deliver  no  specials  until  the  exact  needs  of  the 
job  are  known. 


Fig.  I. — Service  Cart. 

Concerning  miscellaneous  equipment,  such  as  blocking, 
cement,  lead,  etc.,  it  is  a  mistake  to  have  on  the  street  any 
more  than  is  necessary  to  furnish  economical  hauling  condi- 
tions from  the  store  yard.  Every  pound  of  material  left  over 
on  a  job,  to  be  transferred  to  the  next  site,  involves  unneces- 
sary hauling  expenses.  Where  cement  is  used,  the  more  that  is 
kept  on  hand,  the  more  chance  of  spoiling  from  storms.  One 
method  of  caring  for  small  lots  on  the  average  job,  where  a 
shelter  shed  is  not  justified,  is  to  pile  the  cement  bags  on  the 
wooden  blocks,  high  enough  to  avoid  possible  wetting,  and 
then  cover  over  with  a  water  tight  canvas. 
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NATURE  OF  EQUIPMENT. 
The  normal  equipment  for  a  main  laying  force  depends,  Brst, 
on  its  size,  second,  on  the  character  of  the  main  work,  includ- 
ing the  kind  of  jointing  material  used,  and  third,  on  conditions 
of  paving  and  weather  (winter  or  summer).  The  equipment 
listed  below  can  be  carried  in  the  service  cart  (Fig.  i),  and 
will  suffice  for  the  force  described  on  page  lo  when  laying  4', 
6'  or  8"  pipe.  For  lai^r  mains,  additional  equipment  will  be 
necessary. 


1  Asphyxiation  kit 

2  Bags,  4',  6'  and  S* 
1  Bar,  leak 

1  Bar,  rock  pinch 

1  Bar,  search 

2  Bars,  tunneting; 

I  Brush,  pipe,  4  ,  6'  and  8" 
I  Bucket,  galvanized  iron 
6  Chisels,  cape 
6  Chisels,  dog 
8  Crowbars 

1  Cup,  drinking 
13  Cutters,  asphalt 
12  Diamond  points 

^ttings  and   nipples,  assort- 

2  Forks,  bag 

1  Gai^c  syphon  U 

2  Hammers,  14-lb.  sledge 
I  Hand  saw,  crosscut 

10  Lanterns,  red 
10  Lantern  rods  (nnless  danger 
signs  are  used) 

I  Level,  small  pocket 

I  Level,  24" 
300*  Line,  ditch 

I  Mattock 

I  Oil  can,  squirt 
15  Picks 
15  Pick  handles 

5  Pins,  ditch  line 

For  Cement  Joints. 
1  Board,  mixing 
I  b^  Cement 

3  prs.  Gloves,  rubber 
I  Sieve,  cement,  12* 
I  Trowel 


I  Pipe,  smelling 

1  pair  Pliers,  gas 

2  Porters 

2  Plugs,  wooden,  4',  6'  and  8* 
1  Pump,  bag 

5  Rammers 

6  Rods,  canvas  screen 

1  6'  Rule 

3  Screens,  canvas 

2  Shoveb,  flat  nose,  "D"  handle 

3  Shovels,     sharp     nose,     "D" 

handle 

1  Shovel,   sharp  nose,  straight 

handle 

5  Signs,  danger 
Soap  and  brush 

2  Stoppers,  4",  6"  and  S" 
Tallowdoth 

I  50'  Tape,  canvas 

1  Tapping  machine,  combina- 

tion,  with  drills 

2  Targets,  ditch  (either  type) 

3  sets  of  Tools,  caulking 

2  Wedges,  asphalt 

6  Wedges,  concrete 
6  Wedges,  frost 

3  Wedges,  pipe  bursting 

1  Wrench,  plug 

2  Wrenches,  Trimo,  14* 
o  lbs.  Yam 


For  Lead  Joints. 


3  Bands,  pouring,  ^ 
I  Bellows 
I  Furnace,   lead 
I  Ladle,  pouring 
25  lbs.  Lead 
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LOCATION  OF  EQUIPMENT. 
When  pre-inspecting  the  site,  the  location  of  such  equipment 
as  tool  boxes  (Fig.  2),  tool  wagons  (Fig.  3),  service  carts 
(Fig.  i),  etc.,  is  usually  determined.  When  there  is  much 
equipment  a  vacant  lot  is,  of  course,  preferable  to  a  roadway 
location.  A  footway  location  should  be  avoided,  unless  it  is 
wide  and  little  travelled.  Ordinarily,  an  available  and  suitable 
location  is  in  the  roadway  of  an  intersecting  street  at  an  end 
of  a  one-block  Job,  or  near  the  center  of  a  larger  job. 

PREPARING  FOR  TRENCH. 
The  occasional  necessity  for  line  and  grade  stakes  has  been 
previously  mentioned.  It  is  always  well  to  give  the  surveyor 
at  least  a  week's  notice.  When  there  are  no  curbs  at  either 
side  of  the  street,  or  at  the  intersections,  stakes  are  needed. 
If  either  side,  or  intersection,  has  curb  set,  by  obtaining  from 
the  surveyor  the  width  of  street,  whether  straight  grade 
through  the  block,  and  if  not  straight  grade,  the  location  and 
height  of  the  summit,  then  by  means  of  tape  line,  level  board, 
tees  and  targets,  the  height  of  curb,  and  therefore  proper  depth 
of  trench  can  be  determined  accurately  enough  for  most  jobs. 

The  trench  is  marked  out  for  the  width  required  for  the  size 
of  pipe  being  laid,  the  schedule  in  use  in  Philadelphia  being  as 
follows : 

Siie 4"         6"         8"        1 2"        i6"        10"        34"        30" 

Width..  18"        18"        iS"        23"        36"        30"       36"       43" 

If  the  street  is  paved,  both  sides  of  the  trench  are  marked 
with  colored  crayon,  yellow  or  red  preferably.  One  way  of 
doing  this  is  to  locate  each  side  of  the  trench  from  the  curb 
every  one  hundred  feet,  and  then  stretch  a  line  between  each 
series  of  points,  first  on  one  side  of  the  trench,  and  then  on 
the  other,  marking  along  the  stretched  line.  If  there  is  no 
paving,  a  guide  along  one  side  of  the  trench  usually  suffices, 
being  given  by  a  rut  marked  by  pick  or  shovel  from  a 
stretched  line,  or  else  the  line  may  be  left  in  place  on  the  side 
opposite  to  which  the  excavated  material  is  placed. 
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Fig.  3- — Tool  Wagon. 


D.gnzed  by  Google 


H 

The  pipe  is  also  lined  up  on  the  opposite  side  of  the  trench  to 
the  proposed  location  of  most  of  the  excavated  material.  This 
ordinarily  means  that  it  will  be  on  the  side  nearest  the  curb. 
In  lining  up,  the  bells  should  be  pointed  in  the  proper  direction, 
and  the  pipe  should  overlap  as  nearly  as  possible  the  exact 
depth  of  joint.  This  will  obviate  any  necessity  for  shifting 
pipe  lengthways  along  the  trench.  Of  course,  the  larger  the 
pipe  and  the  longer  the  stretch  lined  at  any  one  time,  the  more 
will  be  the  possible  saving  by  careful  lining.  Where  the  lining 
covers  the  entire  job,  any  shortage  or  excess  of  pipe  will  be- 
come evident  at  once.  Where  on  large  mains,  the  earth  is 
thrown  on  the  curb  side,  and  the  pipe  strung  across  the  street, 
it  may  not  be  advisable  to  line  the  pipe,  but  simply  to  roll  it 
across  as  needed. 

REMOVING    PAVING 

SEPARATING  MATERIAL. 

On  a  paved  street  there  are  usually  several  classes  of 
materials  to  be  removed  from  the  trench,  and  each  class  should, 
if  possible,  be  kept  more  or  less  separated.  Asphalt  pieces,  or 
paving  blocks,  are  generally  piled,  often  forming  a  retaining 
wall  for  any  large  quantity  of  earth  excavation.  Bricks  or 
rectangular  stone  blocks  are  often  of  use  in  making  channels 
for  conducting  water  Bow  under  excavated  material.  Sand  or 
concrete  is  kept  free  from  any  contact  with  earth. 

In  the  ordinary  case  of  a  small  main,  the  earth  would  be 
thrown  on  one  side,  and  the  paving  material  and  base  on  the 
other,  and  the  latter  might  be  allowed  to  lay  where  it  fell,  not 
being  in  sufficient  quantity  to  interfere  with  laying  operations. 
Occasionally  a  streak  of  gravel,  or  sand,  is  encountered,  and 
if  it  is  of  value  for  repaving  or  for  other  use,  care  is  taken  to 
keep  it  separate  from  the  material.  Where  there  is  a  loose 
or  solid  rock,  the  pieces  are  generally  thrown  clear  of  the 
earth  excavation,  so  they  will  not  be  covered  over  and  can 
easily  be  hauled  away. 
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ASPHALT. 
In  cutting  asphalt,  the  asphalt  screen,  Fig.  4,  should  always 
be  used  where  there  is  any  danger  of  injury  to  property  or 
persons  from  flying  chips.  As  a  rule  only  one  side  need  be 
screened,  viz.,  that  towards  the  footway — but  if  the  trench  is 
near  a  car  track  with  much  traffic,  and  open  cars  are  in  use, 
the  track  side  will  need  a  screen.  Support  for  the  screen  is 
obtained  by  the  device  shown,  and  sometimes  by  tying  to  trees 
or  poles. 


Fig  4.— Asphalt  Screen. 

Each  cut  is  made  by  two  men  working  together,  using  asphalt 
cutter  A,  Fig.  5,  one  cutting  right,  the  other  left,  and  the  line 
marking  the  side  of  the  trench,  forming  the  center  of  the  cut. 
Each  pair  of  cutters  are  spaced  eight  feet  apart,  the  flrst  pair 
cutting  the  right  hand  line,  and  the  second  the  left  hand  line, 
etc.  This  sta^ering  of  the  cutting  work  enables  the  whole 
gang  to  be  closer  together,  and,  therefore,  under  better  super- 
vision by  the  foreman.  With  a  gang  of  not  more  than  twenty 
men,  it  is  advisable  to  place  at  work  cutting,  all  the  men  that 
tools  or  space  will  allow,  and  finish  this  work  quickly.     In  any 
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case,  after  all  the  cutting  is  finished,  one  man  is  given  a  r^:u- 
lation  street  broom  and  sweeps  up  all  the  chips,  both  those 
inside  the  screen,  and  any  that  may  have  passed  over  the  screen 
and  lodged  on  footway  or  roadway. 

If  the  asphalt  is  on  a  concrete  base,  with  both  sides  cut 


lifj 


^'S-  5— (A)  Asphalt  Catter.  (B)  Asphalt  Wedge.  (C)  14-lb.  Sledge 
for  Breaking  Asphalt.  (D)  Bars  for  Liftitig  Aaphalt.  (H)  Carb  Lever 
(F)  Iron  Tunnelling  Bar. 

through  to  the  base,  the  asphalt  can  be  lifted  off  with  bars,  D, 
Fig.  5,  each  lifting  gang  being  composed  of  four  men,  vis., 
two  men  using  the  bars,  one  breaking  the  asphalt  to  pieces 
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with  a  14-pound  sledge,  C,  Fig.  5,  and  one  man  carrying  away 
the  pieces.  Aa  many  gangs  may  be  set  to  work  as  the  width 
or  length  of  trench  will  allow  room  for. 

If  the  base  is  a  rock  or  bituminous  one,  the  asphalt  is  re- 
moved as  follows :  Asphalt  wedges,  B,  Fig.  5,  are  driven  in 
at  the  bottom  of  the  cut  towards  the  center  of  the  trench,  at 
an  an^e  of  45°  with  the  paving.  Four  wedges,  all  on  one  side, 
spaced  about  twelve  to  fifteen  inches  apart,  are  used  at  one 
time,  driven  in  for  at  least  six  inches,  and  then  loosened  by 
hitting  down  on  the  upward  turned  face  of  the  wedge.  At 
the  same  time  the  asphalt  is  sledged  on  top  at  about  the  centre 
of  the  trench.  Then  the  wedges  are  withdrawn,  bars  placed 
in  the  holes  thus  left,  and  the  asphalt  raised.  With  the  width 
of  trench  as  opened  for  small  pipe,  all  the  asphalt  can  ordinarily 
be  thus  raised  from  one  side.  If  not,  or  on  wider  trenches,  the 
same  procedure  of  we^ii^  and  sledging  must  be  followed  on 
the  other  side  of  the  trench.  It  is  often  advisable  to  b^n  to 
wedge  up  another  section  of  asphalt  before  raising  all  the 
asphalt  that  has  been  loosened.  By  leaving  in  the  last  wedge, 
a  better  purchase  is  obtained  on  the  next  section.  The  gang  is 
composed  of  six  men,  three  handling  the  sledges  and  wedges, 
one  alternating  between  the  bar  and  the  sledge,  and  two  remov- 
ing the  asphalt  pieces.  At  times  the  three  using  the  sledges 
will  aid  on  the  bar  in  prying  up  the  asphalt. 

On  a  bituminous  base,  where  the  distance  between  cuts  is 
over  thirty  inches,  the  regular  curb  lever,  E,  Fig.  5,  may  often 
be  used  to  better  advantage  than  the  regular  bar,  D,  Fig.  5,  in 
lifting  the  asphalt  after  it  has  been  loosened  by  wedges  and 
sledges. 

The  asphalt  once  loosened,  is  broken  up  with  sledges  to  a 
one-man  size  and  piled  preferably  on  the  footway  along  the 
curb,  in  heaps  about  two  feet  by  four  feet  by  three  feet  high, 
with  centre  twelve  feet  apart. 

OTHER  PAVING. 

Where  there  is  vitrified  brick,  belgian  block,  asphalt  block, 

rubble,  cobble,  or  macadam  paving,  instead  of  marking  the  sides 
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of  the  trench  by  crayon,  as  before  described,  an  alternative 
method  is  to  drive  in  ditch  line  pins  at  points  one  hundred  feet 
apart.  Enough  paving  is  removed  to  make  room  for  the  pins, 
which  are  driven  in  at  an  angle  of  45"  into  the  paving,  pointing 
out  from  the  centre  of  the  trench  until  the  head  of  the  pin  is 
almost  flush  with  the  paving.  In  this  way  the  pins  will  not 
become  loose  as  excavation  proceeds.  A  line  is  stretched  from 
pin  to  pin,  and  forms  the  guide  for  paving  removal  and  for 
excavating. 

For  vitrified  brick,  belgian  block  and  asphalt  block,  the 
r«noving  gang  is  composed  of  one  man  barring  out  paving 
with  the  all  iron  tunneling  bar,  F,  Fig.  5,  one  man  standing  in 
the  trench,  lifting  the  paving  and  throwing  it  towards  the  curb, 
and  one  man  at  the  curb  piling  the  paving  material.  For  these 
classes  of  paving,  and  also  asphalt,  it  is  always  best  to  remove 
paving  by  a  special  gang,  and  keep  this  work  well  ahead  of  the 
trenching,  in  order  to  avoid  using  the  trenching  force  on  re- 
moving paving. 

For  rubble,  cobble  or  macadam,  the  trench  is  laid  out  in 
twelve  foot  sections,  and  each  man  removes  his  own  paving 
with  pick  and  shovel,  throwing  it  off  to  one  side  of  the  trench, 
any  additional  moving  and  piling  being  done  by  separate  men. 

TRENCHING. 

PREI^IMINARY  WORK. 

PROTECTION  OF  THE  PUBLIC. 

Preliminary  to,  and  also  coincident  with,  the  opening  of  any 

trench,  certain  precautions  are  necessary  for  the  protection  of 

the  public,  of  the  workman  in  the  trench,  and  of  the  latter 

itself.    Local  conditions  will  determine  in  each  instance  just 

how  many  of  these  precautions  are  required. 

Traffic,  both  roadway  and  footway  across  the  trench,  may 
have  to  be  provided  for.  A  footway  bridge  in  its  simplest 
form  will  be  one  or  two  planks  laid  across  the  trench,  battened 
together,  and  with  a  plank  on  each  side  to  act  as  a  guard. 
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This  will  serve  where  the  traffic  is  light  and  the  job  is  of  a 
few  days  duration.  In  laying  large  pipe,  or  long  lines  of  small 
pipe,  where  important  streets  are  opened,  the  footway  bridges 
should  be  at  least  three  feet  wide  and  have  sides  three  to  four 
feet  high.  These  bridges  are  moved  from  point  to  point  as 
the  work  progresses,  and  six  may  suffice  for  even  the  largest 
job.  No  matter  what  form  of  bridge  is  used,  attention  must 
be  paid  to  each  end  to  prevent  it  becoming  a  cause  of  stumbling. 
Earth  placed  at  the  end  will  remove  this  danger  and  also  hold 
the  bridge  in  place. 

Roadway  bridges  should  be  made  from  3"  planking.  Cross- 
pieces  are  placed  across  the  trench  about  two  feet  apart,  pro- 
jecting fully  two  feet  into  each  bank.  Planks,  parallel  to  the 
trench,  laid  on  the  cross  pieces,  form  the  floor  of  the  bridge, 
which  should  not  be  less  than  eight  feet  wide,  as  measured 
between  the  guard  railing  put  up  across  each  end.  The  floor 
of  this  bridge  should,  as  far  as  is  possible,  be  level  with  the 
top  of  the  street.  Care  should  be  exercised  in  making  a  good 
joint  with  the  street  surface  at  each  approach  to  the  bridge, 
and  earth  may  be  used  to  good  advantage  in  this,  especially 
where  the  bridge  is  somewhat  above  the  paving. 

Any  trench  for  large  pipe,  or  a  trench  for  small  pipe  parallel- 
ing a  car  track,  the  excavated  material  in  each  case  being  on 
the  curb  side,  should  have  a  proper  guard  rail  placed  along  the 
exposed  side.  This  can  be  made  by  laying  three  or  four  pieces 
of  6"  X  6",  or  8"  X  8",  along  the  trench,  about  twelve  feet  apart 
centre  to  centre.  To  each  piece  a  i"  x  6",  three  feet  long  is 
nailed  as  a  post,  and  a  i"  x  3',  or  1"  x  4"  nailed  to  the  top  of 
these  posts,  forms  a  top  rail.  This  rail  is,  of  course,  fairly 
flimsy  and  will  need  bracing  at  intervals. 

In  excavating  imder  car  tracks,  any  paving  between  the 
tracks,  and  for  the  space  of  one  foot  outside  each  rail,  should 
first  be  removed  and  then  3'  plank  laid  in  this  space  across  the 
trench  parallel  to  the  rails,  and  projecting  two  feet  into  the 
bank  on  each  side  of  the  proposed  trench.   These  planks  should 
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be  flush  with  the  rail  and  well  secured  by  driving  earth  in  tight 
at  both  ends  of  each  plank,  after  it  is  in  position. 

In  the  provision  of  bridges,  as  well  as  in  any  other  steps 
necessary  to  minimize  the  inconvenience  to  the  public,  caused 
by  main  work,  niggardliness,  is  apt  to  be  poor  policy,  and  a 
proper  appreciation  and  provision  for  the  rights  of  the  public 
is  quite  compatible  with  efficient  and  economical  operation. 


Pig.  6.  —Adjustable  Braces  Tor  Shoring. 

The  exact  requirement  as  to  free  access  to  fire  hydrants  will 
probably  vary  in  different  places.  Certainly  excavated  material 
should  be  kept  at  least  six  feet  from  a  hydrant,  and  access  to 
it  both  night  and  day  provided,  even  if  this  means  a  bridge 
across  the  trench. 

At  night  the  trench  and  all  material  should  be  protected  by 
danger  lanterns. 
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PROTECTION  OF  THE  WORKMAN. 

The  principal  source  of  danger  to  a  trench  worker,  vis.,  a 
cave-in,  is  generally  absent  in  gas  main  work,  because  of  the 
shallow  trenches  usually  suflicing.  If,  however,  because  oi 
deep  excavations  or  unstable  material,  (as  when  the  trench 
lies  close  alongside  of  a  former  trench),  there  is  any  question 
of  the  stability  of  the  trench  sides,  the  matter  of  shoring  should 
receive  careful  attention.  Usually  a  stretcher  of  2"  x  12", 
sixteen  feet  long  in  one  or  two  lines,  he'd  apart  by  adjustable 
braces,  Fig.  6,  will  suffice.  Where  sheet  piling  is  required, 
i"  X  12"  boards  may  be  placed  back  of  two  lines  of  stretchers. 
Naturally,  where  shoring  is  resorted  to,  undue  weight  should 
be  kept  from  the  trench  side,  and  this  may  mean  in  some  cases 
a  second  handling  of  material  to  keep  it  back  from  the  edge  of 
the  opening. 

PROTECTION  OF  THE  TRENCH. 

Provision  should  be  made  to  prevent  any  surface  drainage 
flowing  into  the  trench.  Often  such  drainage  must  be  con- 
ducted under  the  excavated  material.  At  other  times  damming 
will  suffice  to  divert  surface  flow  away  from  the  trench.  There 
is  no  duty  of  the  gang  foreman  more  important  than  to  have 
his  trench  protected  from  the  results  of  violent  rain  storms. 
Where  underground  water  is  flowing  into  the  trench,  a  pimp 
hole  should  be  made,  and  a  pump  of  either  type  in  Pig.  7 
placed  in  position.  In  most  soils,  the  presence  of  water  will 
be  very  disastrous  to  the  trench  sides,  so  the  water  must  be 
kept  down. 

Under  this  head  may  be  considered  the  necessity  for  marking 
at  the  trench  side,  the  probable  location  of  any  water  services 
crossing  the  trench.  In  each  case  the  proper  laborer  should  be 
shown  the  mark,  and  be  cautioned  to  be  on  the  lookout  for  the 
service  when  approaching  the  proper  depth,  in  order  to  avoid 
any  chance  of  injuring  it 

EARTH  EXCAVATION. 

For  small  mains,  the  ditch  line  and  pins  mark  the  side  of 
the  trench  opposite  to  the  excavated  material.    Each  man 
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;  off  with  his  shovel  a  space  of  twelve  feet,  and  is 
assigned  this  space  for  his  work.  This  sectioning  of  the  work 
affords  an  easy  way  of  comparing  the  relative  efficiency  of  each 
laborer.  In  each  gang,  it  is  advisable  to  have  one  or  two  men 
better  paid  than  the  rest  and  expected  to  serve  as  pacemakers. 


Fig.  7. — Pumps  for  Removing  Water  from  MsId  Ditch. 

If  conditions  are  alike  along  the  trench,  the  gang  foreman  ex- 
pects all  the  sections  to  go  down  equally  fast,  and,  in  practice 
this  pitting  of  each  man  against  his  fellows  conduces  to  high 
efficiency.  The  men  take  more  or  less  pride  in  finishing  first, 
and  the  la^ards  are  teased. 

For  large  mains,  both  sides  of  the  trench  are  marked  by  a 
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line.  For  mains  up  to  i6"  inclusive,  the  diggers  are  expected 
to  throw  the  material  far  enough  to  render  unnecessary  any 
subsequent  trimming.  For  i6"  mains,  the  diggers  are  placed 
twelve  feet  apart,  for  20"  and  24',  eight  feet  apart,  and  for 


Pig.  8.— Ditch  Target. 

30",  six  feet  apart.  For  20"  and  24",  no  trimming  is  done 
until  the  excavation  has  been  completed.  For  30",  at  a  depth 
of  four  feet,  it  is  necessary  to  place  one  man  on  the  bank  to 
trim  the  material  thrown  out  by  every  two  diners. 
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On  every  job,  special  men,  such  as  caulkers,  or  pipe  layers, 
are  assigned  to  open  over  the  mains  to  which  connection  will 
be  made,  and  over  any  places  where  obstructions  are  expected, 
the  places  above  described,  being  those  which  may  disclose 
conditions  affecting  the  depth  of  the  trench,  and  which  there- 
fore must  be  known  before  any  bottomit^  can  be  done. 


® 


IT 


Fig.  9.— Ditcb  Target. 

The  considerations  affecting  the  depth  of  a  main  do  not  fall 
within  the  scope  of  this  paper.  It  suffices  here  to  say  that  a 
cover  of  three  feet  may  be  regarded  as  standard. 

After  the  depth  of  trench  has  been  decided,  the  ditch  targets, 
Fig.  8  or  Fig,  9,  are  placed  in  position. 

When  working  in  frozen  ground,  one  or  more  holes  should 
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be  made  through  the  frost,  and  then  by  using  the  frost  wedges, 
C,  Fig.  lO,  and  barring  off  from  the  face  thus  nuide,  the  frozen 
ground  can  be  lifted  off  much  as  would  be  a  concrete  base. 

ROCK  EXCAVATION. 
Where  blasting  is  not  necessary,  as  the  rock  may  be  removed 
by  bars.  A,  Fig.  lo,  wedges,  D,  Fig.  lo,  and  sledges,  B,  Fig.  lo, 
the  men  work  in  pairs  in  a  section  so  as  to  give  each  other 
assistance.  The  small  spalls  are  thrown  with  the  dirt  on  the 
opposite  side  of  the  trench  from  the  large  stone. 


Fig.  lo.— (A)  Bar  for  Removing  Rock.  (B)  Sledge  for  RemoviDg  Roclc. 
(C)  Frost  Wedge,  (D)  Wedge  for  RemoviDg  Rock.  (E)  Bursting 
Wedge.  (F)  Caulking  Hammer.  (G)  Cement  Caulking  Tool.  (H) 
Wire  Bmsh  for  Cleauiug  Cast  Iron  Pipe.  (1)  Bag  Pork.  (J)  Drill 
Used  in  Blasting.    (K)  Porter. 

Where  blasting  is  required,  three  men  form  a  gai^,  and  the 
gangs  work  as  close  tc^ether  as  possible.  One  man  holds  the 
drill,  J,  Fig.  lo,  and  two  men  strike.  The  charging,  covering 
and  firing  of  the  holes  should  be  delegated  to  one  man,  who 
should  be  an  experienced  rock  man.  Upon  this  man's  judg- 
ment will  depend  the  placit^  of  the  holes  and  the  charge  used. 
In  general,  the  attempt  is  always  to  secure  a  face  extending  the 
full  depth  of  the  proposed  trench.  By  staggering  the  holes  in 
the  various  rows,  the  best  progress  is  made.    Where  the  rock 


D.gnzed  by  Google 


is  very  hard  on  small  mains,  it  is  advisable  to  start  with  a 
width  of  trench  twice  that  required  for  earth.  This  will  allow 
for  failure  to  Mow  out  to  complete  width  in  places.  Often,  of 
course,  the  trench  will  widen  still  more  from  blowing. 

All  firing  should  be  done  from  a  battery.  Great  care  must 
be  taken  to  be  sure  that  all  workmen  and  the  public  are  at  a 
safe  distance  before  firing. 

There  should  be  a  space  of  at  least  4"  between  any  solid 
rock  left  in  the  trench  and  the  nearest  point  of  the  main  as  it 
rests  on  its  blocking.  This  is  necessary  to  minimize  the  chance 
of  future  breaks,  or  leaks,  due  to  later  blasting  operations  when 
laying  other  structures. 

LAYING. 

ORGANIZATION  FOR,  AND  DETAILS  OF,  PIPE 
LAYING. 

LARGE  MAINS. 

The  trench  having  been  excavated,  as  previously  described, 

is  now  ready  for  the  pipe  laying  gang.     Before  telling  of  their 

work,  the  complete  organization  for  laying  20"  and  larger 

mains  will  be  here  given  as  follows : 

One  trenching  foreman  and  eighteen  men 

One  lajing  foreman  and  twelve  men 

One  back-filling  foreman  and  eight  men 
Better  results  are  obtained  by  having  one  foreman  over  every 
separate  gang,  than  are  possible  by  attempting  to  work  with 
only  one  foreman.  If  the  general  main  foreman  is  not  on  the 
work  frequently,  authority  in  his  absence  should  rest  in  one  of 
the  foremen,  probably  the  laying  foreman.  The  laying  gang, 
if  working  steadily,  would  require  more  diggers  and  backfillers, 
but  in  practice,  obstacles  arise  to  interfere  with  laying,  and 
therefore  the  layii^  gang  is  always  used  more  or  less  to  aid 
the  other  gangs. 

The  laying  gang  contains  four  caulkers,  or  joint  makers, 
and  eight  pipe-men.     As  far  as  possible,  the  various  routine 
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duties  that  arise  should  be  definitely  assigned  to  individual 
men,  so  that  as  the  work  prc^esses  there  is  no  confusion  and 
each  man  becomes  adept  at  his  special  lines  of  work.  The 
foreman  lays  out  the  bell  holes  and  starts  his  gang  on  them, 
also  borrowing  laborers  from  the  trenching  gang  if  necessary. 
Each  bell  hole  extends  from  three  feet  in  front  of,  to  one  foot 
back  of  the  bell,  clear  across  the  bottom  of  the  trench.  Its 
bottom  is  four  inches  below  the  regular  trench  bottom,  and  its 
width,  as  measured  along  its  bottom,  is  twenty  inches  greater 
than  the  trench  width,  tapering  off  to,  and  reaching,  the  trench 
width,  fifteen  inches  above  the  proposed  location  of  the  pipe 
top.  The  material  thrown  out  from  the  bell  holes  should  be' 
trimmed  back,  and  there  should  be  a  two  foot  passage-way  on 
the  street  on  each  side  of  the  trench,  before  laying  starts. 

A  dozen  or  more  bell  holes  being  completed,  blocking  is 
placed  in  position  on  the  trench  bottom.  The  "back"  block  is 
put  with  its  near  edge  one  foot  back  of  the  face  of  the  bell, 
while  the  "front"  block  lies  with  its  near  edge  three  feet  in 
front  of  the  face  of  the  bell.  Back-filling  will  be  reduced  and 
the  cavity  under  the  centre  of  the  pipe  lessened  if  the  trench 
has  been  so  dug  that  the  blocks  may  be  set  in  the  trench  bottom 
so  their  tops  will  not  clear  it  much  more  than  one  inch.  This 
condition  is  difficult  to  obtain,  however,  and  where  there  is 
insetting,  care  is  necessary  to  ensure  that  the  block  rests  on  a 
flat  surface,  and  not  a  concave  one.  The  back  blocks  are  set 
by  spanning  from  one  set  to  another  with  a  level  board  set  for 
the  determined  grade  of  the  main.  Or,  each  back  block  may 
be  set  by  using  a  target.  The  front  block  is  always  set  a  little 
lower  than  the  back  block  so  that  the  main  will  just  clear  it. 

The  pipe  which  has  been  previously  cleaned  on  the  inside, 
and  all  dirt  and  scale  carefully  removed  from  the  Inside  of  the 
bell  and  the  outside  of  the  spigot  end  by  a  wire  brush,  H,  Fig. 
lo,  is  rolled  in  position  on  the  skids  spanning  the  trench.  The 
derrick.  Fig.  12  is  so  placed  that  it  will  lower  the  pipe  into  the 
position  desired.  When  moving  the  derrick,  one  man  is  at 
each  of  the  rear  legs  and  two  men  at  each  of  the  front  legs. 
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(The  front  side  is  considered  as  the  side  on  which  the  winch  is 
located.)     When  in  position  and  in  use,  the  four  men  on  the 


front  side  remain,  but  the  two  men  at  the  rear  legs  are  avail- 
able for  other  work.    The  sling  is  adjusted  so  thatthe  spigot 
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end  will  be  slightly  heavier  than  the  bell.  The  pipe  is  raised 
until  the  bell  end  clears  the  front  skid,  which  is  removed  by  the 
proper  man  while  another  man  bears  his  weight  on  the  bell, 
thus  causing  the  spigot  end  to  dear  the  rear  skid.  This  in 
turn  is  removed  and  the  pipe  lowered.  If,  because  of 
obstruction,  the  pipe  cannot  be  lowered  at  the  point  where  it 
is  to  be  laid,  then  it  must  be  moved  along  the  bottom  of  the 
trench  by  successive  shifting  of  the  derrick,  or  if  the  use  of 
the  derrick  is  not  possible,  the  pipe  is  lowered  upon  a  timber 
truck  and  rolled  into  position  over  a  board  platform  laid  on  the 
trench  bottom. 

While  the  pipe  is  being  lowered,  there  are  two  pipe  men  in 
the  trench,  one  in  front  of  the  bell  end  of  the  length  being 
lowered,  and  one  just  back  of  bell  end  of  the  last  lei^th  laid, 
into  which  he  guides  the  spigot  end  of  the  descending  length, 
aided  by  the  other  man,  who  grasps  its  bell  end.  When  the 
bell  of  the  descending  length  is  from  a  foot  to  eighteen  inches 
above  the  blocking,  and  its  spigot  end  has  entered  the  bell  end 
of  the  last  length  laid,  the  man  on  the  derrick  brake  releases 
the  latter  and  the  length  falls  free.  This  causes  it  to  strike  the 
blocking  with  sufficient  force  to  firmly  bed  the  latter.  The 
length  is  once  more  raised  by  the  derrick  to  Just  clear  the 
blocking,  and  is  then  pushed  home  with  a  bar  by  the  man  at  its 
bell  end.  The  foreman  in  the  meantime  has  gotten  into  posi- 
tion to  sight  along  the  line,  and  if  the  length  is  in  line,  he 
gives  the  signal  to  lower.  If  not,  he  indicates  the  shifting 
required  before  lowering. 

The  lei^h  is  prevented  from  getting  out  of  line  by  the  inser- 
tion of  blocks  and  wedges  between  the  pipe  and  each  side  of 
the  trench,  several  feet  back  of  the  bell.  These  blocks  are  not 
removed  imtil  the  earth  has  been  refilled  around  the  pipe  along 
four  or  five  feet  at  the  centre  of  the  length.  In  the  case  of 
cement  joints,  this  refillit^  is  always  done  before  the  joint  is 
made,  but  in  the  case  of  lead  joints,  such  partial  refilling  need 
not  be  done.  Where  the  trench  is  at  all  unstable,  this  refilling 
is  of  great  importance. 
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While  this  blocking  is  being  done,  the  men  who  removed  the 
skids  have  placed  them  across  the  trench,  in  the  proper  posi- 
tion for  the  next  length,  and  rolled  this  length  upon  the  skids 
in  position  for  lowering,  and  are  ready  to  assist  in  moving  the 
derrick  to  the  new  position.  From  this  point,  the  sequence  of 
operations  already  described,  is  repeated. 

As  soon  as  the  length  is  wedged  in  position,  two  caulkers 
start  to  drive  in  wedges  on  the  front  block,  viz.,  the  one  under 
the  spigot  end  of  the  length  just  laid,  and  raise  this  spigot  end 
until  it  is  central  in  the  bell  end  of  the  length  last  laid.  The 
joint  is  then  yarned.  At  this  time,  wedges  may  be  driven  on 
the  back  block,  care  being  taken  not  to  raise  the  length  off  this 
block. 

In  laying  pipe,  it  is  often  necessary  to  remove  shoring.  This 
work  is  done  by  the  pipe  laying  gang,  and  may  require  the 
especial  attention  of  the  foreman  to  prevent  too  many  shores 
being  out  at  any  one  time,  or  too  great  delay  in  replacing 
shores,  for  carelessness  in  these  matters  may  involve  damage 
to  both  work  and  workmen. 

SMALL  MAINS. 

For  small  mains,  under  the  ordinary  city  conditions,  where 
each  job  is  only  one  or  two  blocks  in  length,  (he  entire  main 
gang  will  not  exceed  eighteen  men,  and  will  include  two 
caulkers  and  four  pipe  men. 

After  the  trench  has  been  completed,  or  nearly  so,  and  any 
special  work  of  connecting  to  existing  mains  finished,  the 
caulkers  and  pipe  men  are  started  on  the  bell  holes.  Bach 
bell  hole  should  extend  from  eighteen  inches  in  front  of  the 
bell  to  the  back  of  the  bell,  should  have  a  clearance  of  six 
inches  under  the  pipe  and  of  fifteen  inches  on  each  side.  Back 
of  the  bell  hole,  a  notch  is  cut  in  the  bottom  of  the  trench  for 
the  block,  but  care  is  taken  to  make  the  top  of  the  block  slightly 
above  the  trench  surface. 

While  the  pipe  is  being  laid,  two  men  are  in  the  trench,  one 
a  caulker  with  a  spirit  level  and  a  bundle  of  yarn  strips,  cut  to 
the  proper  length,  at  the  spigot  end  of  the  length  to  be  laid,  and 
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the  other  a  pipe  man  with  a  porter,  K,  Fig.  10,  at  the  bell  end. 
Three  pipe-men  are  oa  the  bank,  and  one  inserts  a  porter  in 
the  spigot  end  of  the  length  as  it  lies  along  side  the  trench,  and 
lifts  it.  As  it  raises,  a  pipe  man  slides  over  the  spigot  end  a 
loop  of  rope  already  made  and  resting  against  the  end.  He 
holds  one  end  of  the  rope  and  passes  the  other  end  to  a  pipe 
man  on  the  other  side  of  the  trench.  The  two  men  take  up  the 
slack  on  the  rope,  and  then  the  man  who  raised  the  spigot  end 
with  the  porter,  goes  to  the  bell  end  and  pushes  it  off  into  the 
trench.  The  men  holding  the  rope  attached  to  the  spigot  end,  ■ 
prevent  that  end  from  dropping  all  the  way  to  the  bottom.  The 
two  ends  of  the  rope  are  then  taken  by  one  of  the  two  men,  and 
he  straddles  the  trench,  while  the  man  in  the  trench  at  the  bell 
end  raises  this  end  with  his  porter.  The  length  is  thus 
suspended  only  a  few  inches  above  the  trench  bottom.  The 
spigot  end  is  caught  by  the  caulker  in  the  trench,  who  wraps 
a  piece  of  yam  around  it  and  enters  it  into  the  bell  end  of  the 
length  last  laid.  It  is  then  pushed  home  by  the  man  at  the  bell 
end.  Now  one  end  of  the  rope  is  dropped,  and  after  entering 
the  spigot  end,  the  caulker  pulls  the  rope  from  around  the  pipe 
and  walks  to  the  bell  end.  Here  he  places  his  level  on  the 
pipe  to  see  whether  there  is  the  proper  fall.  If  not,  the  proper 
level  is  obtained  by  varying  the  blocking,  the  pipe  being  raised 
by  -the  pipe  man  in  the  trench,  and  the  caulker  inserting  the 
block  which  is  handed  to  him  by  the  pipe  man  on  the  bank, 
who  had  held  the  rope. 

In  the  meantime,  the  other  two  pipe  men  on  the  bank  have 
gotten  another  length  into  position  for  lowering,  with  the  rope 
under  it,  as  described  before.  The  second  caulker  is  follow- 
ing along,  driving  in  the  yarn  put  in  by  the  first  caulker.  When 
all  the  pipe  has  been  laid,  or  when  it  is  desired  to  begin 
making  joints,  the  foreman  straddles  the  trench  at  one  end  of 
the  line,  and  lines  up  the  length  by  the  aid  of  two  pipe  men  who 
walk  along  in  the  trench,  each  with  a  long  bar,  one  on  each 
side  of  the  pipe. 

The  procedure  above  described  will  care  for  mains  as  large 
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as  8".  For  12'  there  is  needed  two  more  pipe  men  and  another 
rope  to  be  used  at  the  bell  end  over  a  porter  inserted  in  the 
bell.  The  rope  at  the  spigot  end  will  always  require  two  men. 
There  will  be  instances  where  16"  pipe  may  be  laid  without 
a  derrick,  and  in  that  case  it  will  be  treated  just  as  12'  with  the 
addition  of  two  more  men  to  the  pipe  laying  gang. 
CONNECTION  WORK. 

CLOSING  GAPS. 

The  procedure  followed  in  straight  pipe  laying  has  been 
pretty  well  covered,  but  some  other  necessary  phases  of  main 
laying  are  still  to  be  described.  £very  main  laid  is  connected 
at  one  or  both  ends  to  existing  mains,  and  often  neither  con- 
nection is  made  until  the  close  of  the  work,  and  involves, 
therefore,  the  closing  of  a  gap.  Where  8"  and  smaller,  this 
connection  can  be  made  by  "folding  in"  instead  of  sleeving, 
if  the  trench  is  free  enough  of  construction  to  permit  what- 
ever deflection  from  a  straight  line  is  required  for  the  "fold." 
As  far  as  possible,  it  should  be  known  before  laying  is 
begun,  in  what  way  connection  will  be  made  to  the  existing 
main.  If  by  folding,  then  a  gap  two  inches  more  than  the  lay- 
ing distance  of  two  lengths  should  be  left.  This  will  make  the 
folding  a  little  easier,  and  by  distributing  the  two  inches  over 
the  three  joints  making  up  the  fold,  no  one  joint  will  be  very 
far  from  home.  In  folding,  the  far  ends  of  the  two  lengths 
forming  the  fold,  are  put  home  in  the  ends  of  the  lines  to  be 
connected,  and  then  the  adjacent  ends  of  the  folding  lengths 
raised  by  ropes,  until  spigot  will  enter  bell,  when  they  are 
lowered  into  line,  and  the  joints,  if  necessary,  equalized,  as 
indicated  by  each  of  the  bells  concerned  in  the  "fold,"  being 
equally  far  from  the  line  marked  on  its  ei^aging  spigot.  This 
line  shows  where  the  bell  should  come  if  the  spigot  is  home, 
and  should  be  marked  on  every  spigot  forming  part  of  a  fold, 
where  there  is  over  half  an  inch  slack  to  be  taken  up  per  joint. 

For  pipe,  12"  and  larger,  the  use  of  a  sleeve  is  usually  prefer- 
able to  folding.  Much  time  has  been  lost  through  attempts  to 
fold  large  pipe,  in  order  to  avoid  the  fancied  disadvantages  of 
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a  sleeve  and  to  save  one  joint,  and  often  all  the  time  spent  was 
lost  and  the  sleeve  resorted  to  after. all,  especially  if  the  fore- 
man tried  to  work  without  any  slack.  The  use  of  a  sleeve  will 
enable  a  spigot  piece  to  be  used,  and  in  large  work,  where  a 
stock  of  old  spigot  pieces  may  be  on  hand,  the  gap  left  should 
be  of  the  right  lei^h  to  lUe  up  one  of  these  pieces  without 
further  cutting.  Where  a  pipe  must  be  cut  for  the  gap,  its 
length  should  be  at  least  one  inch  less  than  the  distance  between 
the  face  of  the  bell  and  the  end  of  the  spigot  to  be  joined.  This 
is  especially  important  in  very  large  pipe  where  the  cut  may 
break  out  a  little  jagged,  and  where  an  attempt  to  make  a 
cut  piece  just  the  distance  between  bell  and  spigot,  is  apt  to 
result  in  a  piece  too  long  at  various  points,  necessitating  a 
tedious  cutting  off  of  these  projections.  Naturally,  in  using 
the  cut  piece,  the  more  uneven  end  is  put  into  the  sleeve.  Be- 
fore the  cut  piece  is  lowered  into  the  trench,  the  sleeve  is 
placed  over  the  spigot  end  of  the  gap,  and  on  this  end  and  also 
on  the  end  of  the  cut  piece  to  go  in  the  sleeve,  a  line  is  marked 
seven  inches  back  from  the  end.  Then  the  cut  piece  is  lowered 
and  put  home  in  the  bell,  the  sleeve  is  slipped  forward  over  the 
gap  and  placed  so  that  each  face  is  equidistant  from  the  marked 
lines.  Such  a  sleeve  joint  involves  an  air  gap  of  at  least  an 
inch  longer  than  the  bell  depth.  Unless  the  sleeve  used  is 
provided  with  internal  ridges  to  serve  as  a  joint  backing,  this 
gap  should  be  covered  by  sheet  metal  to  prevent  any  chance  of 
the  yam  and  lead,  or  cement,  from  either  sleeve  joint  finding 
their  way  into  the  pipe. 

CUTTING   PIPE  ON   BANK. 

The  procedure  in  cutting  pipe  on  the  bank  is  as  follows; 
The  proper  length  is  marked  oS  from  either  end  of  the  pipe 
at  four  points  at  least.  If  the  measurement  is  made  from  a 
bell  end,  the  necessary  allowance  must  be  made  for  the  bell 
depth.  The  pipe  is  dien  rolled  until  a  line  has  been  drawn 
completely  around  it,  through  the  marked  points.  Before 
cutting  begins,  it  is  placed  on  skids,  one  under  the  end 
farthest  from  the  cut,  and  the  other  under  the  cut,  and  care 
sS 
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taken  to  see  that  it  stays  there.  No  support  at  all  should 
be  placed  under  the  short  end.  The  skids  should  be  as 
solidly  placed,  and  as  nearly  level,  as  possible,  in  order  that  the 
pipe  will  not  jar  out  of  position  during  cutting.  Each  skid 
should  be  long  enough  to  allow  at  least  one  and  one-half 
revolutions  of  the  pipe.  For  pipe,  12*  and  smaller,  one  man 
holds  a  dog  chisel,  one  strikes  with  a  fourteen  pound  sledge,  or 
ten  pound  striking  hammer,  and  a  third  rolls  the  pipe.  For 
larger  pipe,  there  are  two  men  striking,  and  a  man  at  each  end 
of  the  pipe  rolling  it  and  keeping  it  in  proper  position.  In 
every  case,  a  continuous  cut  is  made  around  the  pipe,  and  is  a 
comparatively  light  cut,  not  more  than  l>i"  deep.  On  the  com- 
pletion of  this  first  cut,  the  cutting  continues  around  the  pipe 
as  many  times  as  may  be  necessary  until  the  pipe  breaks.  With 
proper  care,  a  clean  cut  will  always  be  made.  If  for  any 
reason  the  pipe  breaks  off  irregularly,  and  the  result  is  one  or 
more  places  two  inches  shorter  than  desired,  another  cut  will 
probably  be  required,  unless  the  irr^ular  end  can  form  part 
of  a  deep  sleeve  joint.  Any  projection  beyond  the  desired  line 
can  be  cut  off,  but  comparatively  light  blows  must  be  used,  to 
prevent  crackii^  back  of  the  line. 

CONNECTING  TO  EXISTING   MAIN. 

At  times  the  new  main  will  be  connected  at  the  start  to  the 
existing  system,  and  laying  proceed  without  leaving  any  gap, 
gas  being  kept  back  by  bagging.  In  such  a  case,  it  is,  of 
course,  imperative  to  do  the  connecting  first.  When  a  gap 
is  left,  however,  the  connection  and  any  necessary  alteration 
to  the  existing  main  need  not  be  done  at  once,  and  as  such 
alteration  is  usually  harder  than  straight  pipe  laying,  some 
foremen  have  a  bad  habit  of  putting  it  off  till  the  end  of  the 
job.  As  a  rule,  expense  will  be  saved  by  doing  all  the  work 
necessary  to  close  the  gap  except  the  actual  closure,  early  in 
the  job.  It  has  already  been  noted  under  "Trenching,"  what 
an  influence  the  connection  to  the  existing  main  has  on  the 
bottoming  of  the  trench. 

In  connecting  to  existing  mains,  the  Philadelphia  schedule 
is  as  follows : 
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As  is  seen,  the  idea  is  to  use  a  hat  flange  wherever  the  disparity 
between  the  connecting  mains  is  very  great,  and  the  largest  so 
large  that  a  hub  sleeve  would  involve  heavy  cost.  As  the 
disparity  and  the  size  of  the  largest  main  decrease,  hub  sleeves 
are  used,  and  the  ordinary  branches.  It  Is  not  always  possible 
to  follow  the  schedule  strictly.  Occasions  arise  where  local 
conditions  force  the  use  of  a  hat  flange,  or  hub  sleeve,  because 
of  no  room  to  insert  a  branch. 

INSERTING   BRANCH. 

In  mains  below  12",  the  insertion  of  a  branch  is  not  attended 
with  any  special  difficulties,  but  with  large  mains,  the  work 
requires  considerable  care,  chiefly  in  regard  to  the  cutting  of 
the  pipe  and  the  bagging  off  of  gas  flow.  The  insertion  of  a 
branch  will  here  be  described  without,  however,  any  detailed 
description  of  bagging,  as  this  will  be  taken  up  further  on. 

The  location  of  the  branch  being  determined,  a  sufficient 
length  of  the  existing  main  is  uncovered  to  afford  room  for 
bag  holes  on  either  side  of  the  proposed  cut,  and  it  never  pays 
to  skimp  in  the  question  of  the  trench  width  either.  Usually 
there  is  not  much  leeway  in  the  branch  location,  but  it  is  not 
advisable  to  cut  a  pipe  nearer  than  one  foot  to  any  bell.  By 
cuttit^  a  little  from  the  spigot  of  the  branch,  and  sometimes 
by  reversing  the  branch  end  for  end,  a  desired  flexibility  of 
dimensions  may  be  obtained.  When  the  exact  location  of  the 
branch  has  been  settled,  then  the  two  points  of  cutting  are 
carefully  marked  on  the  existing  main,  and  the  pipe  thoroughly 
cleaned  at  these  points.  The  length  of  the  piece  to  be  cut  out 
should  be  about  one  inch  longer  than  the  over  all  length  of  the 
branch.  In  determining  the  points  for  the  cuts,  the  effect  of 
the  bell  depth  upon  the  location  of  the  branch  should  not  be 
overlooked. 

After  the  line  of  the  cut  has  been  chalked  on  the  pipe,  if 
the  latter  is  smaller  than  12',  then  by  means  of  a  diamond  point 
chisel,  a  cut  at  least  %"  deep  is  made  across  the  top  semi- 
circumference.  This  cut  is  deepened  by  repeated  goii^  over 
with  the  diamond  point  until  about  half  the  thickness  of  metal 
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is  left.  The  whole  cut  is  then  gone  over  with  a  cold  chisel, 
after  which  the  chisel  is  placed  in  the  cut  at  the  top  and  driven 
into  the  pipe.  It  is  then  removed'  and  a  burstii^  wedge,  E, 
Fig.  lo,  inserted  and  driven  home  until  the  pipe  cracks  com- 
pletely around  in  the  line  of  the  cut.  The  same  performance 
is  repeated  at  the  other  cut,  and  the  cold  chisel  is  not  driven 
into  the  pipe  until  both  cuts  are  ready  for  such  driving.  In 
this  way,  after  the  pipe  has  cracked  at  the  first  cut,  and  is 
temporarily  soaped  up,  there  is  nothing  remaining  to  be  done 
at  the  second  cut  except  the  driving  of  the  cotd  chisel  and  of 
the  bursting  wedge.  When  the  section  has  broken  dear,  it  is 
hammered  out  of  line,  or  perhaps  it  may  be  necessary  to  break 
a  few  pieces  out  of  it  to  free  it.  Of  course,  before  the  cold 
chisel  has  been  driven  in,  bags  have  been  inserted  to  stop  the 
gas  flow. 

Where  the  main  to  be  cut  is  12"  or  lai^er,  the  difficulty  of 
making  a  crack  already  started  in  the  cut  follow  around  the 
uncut  portion  of  the  pipe  increases  very  much  with  the  size  of 
the  pipe,  and  tn  no  class  of  main  work  is  it  more  advisable  to 
bear  tn  mind  the  adage  of  "more  haste,  less  speed,"  than  in 
cutting  large  pipe  in  the  trench.  It  will  pay  in  the  long  run 
to  cut  just  as  lai^e  a  proportion  of  the  circumference  (at  least 
three-quarters)  as  can  be  gotten  at.  The  cut  is  made  in  the 
same  way  as  just  described  for  small  pipe.  The  cold  chisel 
should  be  driven  into  the  pipe  not  only  at  the  top,  but  in  sev- 
eral other  places  around  the  cut.  Two  bursting  wedges  should 
be  used,  and  great  care  taken  to  see  that  they  keep  in  the 
plane  passing  through  the  cut.  Otherwise  the  wedge  will  not 
exert  a  pressure  tending  to  crack  the  pipe  along  the  cut,  but 
there  will  be  great  danger  that  they  will  cause  cracks  to  run 
into  the  main  on  either  side  of  the  cut.  If  the  cutting  has 
been  properly  done,  the  main  will  slowly  crack  all  around  the 
circumference  as  the  wedges  are  driven  in. 

Where  the  pipe  is  24"  and  larger,  it  is  often  advisable  to 
make  three  cuts,  the  third  cut  being  about  one  foot  from  one  of 
the  other  cuts.     When  only  two  cuts  are  made,  and  the  length 
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of  the  pipe  cut  out  is  considerable,  it  sometimes  happens  that 
even  after  the  section  is  cracked  around  the  circumference  at 
both  cuts,  it  remains  wedged  in  the  line  of  main,  and  requires 
much  work  to  get  out.  The  reason  for  this  is  given  in  the 
next  paragraph.  Under  these  conditions,  where  there  is  a 
third  cut,  the  bursting  wedges  are  driven  into  it  in  such  a  way 
as  to  cause  cracks  each  side  of  the  cut,  and  to  break  off  portions 
of  the  pipe.  After  that,  it  is  comparatively  easy  to  remove  the 
first  section,  and  then  the  rest  of  the  cut  out  section. 

In  cutting  a  line  laid  with  lead  joints,  the  pressure  brought  to 
bear  by  the  bursting  wedges,  seems  sufficient  to  make  the  pipe 
take  up  at  the  joints  adjacent  to  the  cut,  and  thus  the  desired 
separation  of  the  edges  of  the  cut  is  obtained.  With  cement 
joints  the  strength  of  the  joints  is  apparently  too  strong  to  be 
overcome,  and  so  if  the  pipe  being  cut  is  under  compression,  or 
in  other  words,  is  at  a  higher  temperature  than  when  the  joints 
were  made,,  the  desired  separation  at  the  cut  will  not  be 
obtained  by  the  wedges,  and  in  that  case  it  is  necessary  to  cut 
around  the  entire  circumference  with  diamond  points  and  cold 
chisels,  and  dispense  with  bursting  wedges  entirely. 

In  every  case,  the  pipe  should  be  rigidly  supported  at  each 
cut  by  blocking.  Otherwise,  there  will  be  great  danger  of 
cracks  being  caused  in  the  pipe  on  either  side  of  the  cut  out 
section.  If  one  of  the  cuts,  say  "A,"  comes  back  of  a  bell  and 
nearer  than  a  foot  to  it,  and  the  other,  say  "B,"  in  front  of  a 
bell,  thoi  it  is  advisable  to  force  the  wedges  into  "A"  and 
sledge  away  the  bell  portion  before  driving  the  wedges  into 
"B."  This  program  tends  to  give  a  cleaner  break  at  "B"  than 
would  otherwise  he  possible,  but  is  only  applicable  when  "A" 
is  near  a  bell. 

The  process  of  inserting  a  branch  after  the  section  has  been 
cut  out,  amounts  to  closing  a  sleeve  gap,  and  has  already  been 
described. 

PUTTIKG  ON  HUB  SPLIT  SLEEVE. 

When  the  connection  to  the  existing  main  is  made  by  the 
use  of  a  hub  split  sleeve,  that  portion  of  the  pipe  to  be  covered 
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by  the  sleeve,  is  thoroi^hly  cleaned,  generally  with  foundry 
brushes.  Then  the  two  pieces  of  the  sleeve  are  loosely  bolted 
around  the  main,  to  see  first  whether  the  distance  between 
outside  of  main  and  inside  of  sleeve  is  sufficient  for  jointing 
room,  and  second,  to  mark  on  the  main  the  location  of  the 
cinnilar  cut.  The  sleeve  is  then  removed  and  the  pipe  diamond 
pointed  along  the  marked  circle,  banning  at  the  top.  The 
cut  is  then  gone  over  with  a  cold  chisel,  going  into  the  pipe, 
except  for  two  inches  at  the  top,  where  a  lip  is  left  to  hold  in 
place  the  piece  being  cut  out.  A  soaped  wooden  plug,  of 
proper  size  to  fill  the  opening  in  the  main,  is  kept  on  hand 
for  use  in  case  the  piece  drops  out  unexpectedly, 

A  ring  of  some  soft  material,  yam,  or  wire  covered  with 
rubber  hose  is  laid  around  the  out  side  of  the  cut,  and  the 
sleeve  placed  in  position  on  the  main  and  pressing  on  the  ring, 
which  forms  a  more  or  less  gas  tight  joint,  and  also  prevents 
any  jointing  material  from  either  end  of  the  sleeve,  getting 
into  the  pipe.  The  flanges  of  each  half  sleeve,  if  planed,  are 
coated  with  white  lead,  but  if  rough,  a  layer  of  mill  board 
softened  in  warm  water,  is  placed  between  the  two  flanges. 
All  of  the  above  bolts  are  drawn  up  hand  tight  and  then 
tightened  by  wrench,  no  two  bolts  on  the  same  flange  being 
tightened  in  succession,  but  the  progress  being  from  one  end  of 
the  sleeve  to  the  other,  alternating  from  side  to  side. 

In  making  up  the  joints  at  each  end  of  the  sleeve,  if  the 
latter  is  provided  with  internal  ridges,  the  work  is  similar  to 
any  ordinary  joint.  If  there  are  no  ridges,  care  must  be 
taken,  if  lead  is  being  used,  to  be  sure  Uiat  the  yarning  is  so 
well  done  that  lead  cannot  get  back  past  the  yarn  into  the 
sleeve.  If  it  does,  a  mispour  may  result.  If  cement  is  being 
used,  where  there  are  no  ridges,  yam  is  introduced  from  one 
end  for  about  four  inches  into  the  lower  half  of  the  sleeve. 
Then  cement  is  put  in  from  the  other  end  of  the  sleeve  until 
the  yam  is  reached.  As  the  level  of  the  cement  rises,  more 
yam  goes  in,  until  finally  the  sleeve  is  filled  from  the  far  end. 
Tlie  joint  is  driven  from  that  end,  and  then  cement  introduced 
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at  the  other  end  to  fill  the  four  inch  space.    This  cement  is 
driven,  and  ix>th  the  joints  finished  in  the  usual  way. 

The  actual  sequence  of  events  is  as  follows:  When  the 
sleeve  is  bolted  tight,  a  short  piece  of  pipe,  or  a  bend  if  neces- 
sary, is  inserted  in  the  hub  of  the  sleeve.  Then  enoi^h  cement 
is  put  into  the  sleeve  and  the  hub  joint  to  make  them  gas  tight 
If  a  straight  piece  is  in  the  hub  outlet,  a  wooden  plug  is  placed 
in  the  end  of  this  piece.  This  piece  is  drilled  to  allow  the 
passage  of  an  iron  rod,  and  with  the  latter  the  disc  piece  is 
knocked  into  the  main.  The  rod  is  then  withdrawn,  the  hole 
in  the  plug  soaped  up,  and  the  sleeve  and  hub  joints  finished. 
If  a  bend  is  in  the  hub  outlet,  the  former  has  been  previously 
drilled  by  a  hole  so  placed  that  a  rod  through  it  will  knock  out 
the  disc  piece.  In  the  bend  this  hole,  and  in  the  straight  piece 
a  specially  drilled  hole,  serves  for  a  bag  hole,  when  more  pipe 
is  laid. 

PLACING  HAT  FLANGE. 

In  placing  a  hat  flange,  after  cleaning  the  main  at  the  desired 
position,  the  hat  flange  is  tried  for  fit,  it  being  desirable  that 
there  should  be  "iron  to  iron"  contact  with  the  pipe,  especially 
at  the  bolt  holes  and  around  the  edge  of  the  opening.  By 
covering  the  pipe  with  red  lead  and  slightly  moving  the  hat 
flange,  the  high  points  on  the  latter  are  indicated  and  chiselled 
off.  When  the  hat  flange  is  considered  a  sufficiently  good  fit, 
it  is  held  in  position,  the  mark  made  for  the  circular  cut  in 
the  main,  and  the  location  of  the  tap  bolt  holes  accurately 
centered  by  a  punch  provided  with  a  bushing  which  just  fits 
the  bolt  holes.  Then  the  hat  flange  is  removed,  and  the  cir- 
cular att  in  the  main  made  just  as  described  for  the  hub 
sleeve.  It  is  advisable  to  make  this  cut  before  the  bolt  holes 
are  drilled,  as  otherwise  there  is  danger  of  a  crack  occurring 
between  the  cut  and  a  hole,  under  the  influence  of  the  constant 
hammering  while  cutting. 

One  of  the  upper  bolt  holes  is  now  drilled  and  tapped,  either 
by  using  the  machinist  rachet  braced  against  the  side  of  the 
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ditch,  or  the  re^lar  tapping  machine  with  a  sqiiare  shank 
drill.  The  "old  man"  or  "dead  man"  is  bolted  in  position  over 
this  hole,  care  being  taken  not  to  bring  any  part  of  it  to 
bear  on  the  disc  that  is  to  he  removed.  The  arm  of  the  "old 
man"  can  now  be  swung  and  fastened  in  any  position  so  that 
each  bolt  hole  can  be  drilled  in  succession  and  then  tapped  out, 
soap  or  clay  being  used  to  plug  the  holes  as  made. 

The  face  of  the  flange  is  covered  with  white  lead,  over  which 
a  linen  gasket,  previously  soaked  in  linseed  oil,  is  placed,  and 
the  flange  screwed  down  flrst  hand  tight,  and  then  with  a 
wrench,  tightening  in  diagonal  succession.  Around  each  bolt 
is  a  piece  of  lamp  wick.  Of  course,  the  material  used  between 
flange  and  pipe  will  vary  with  the  individual  using  it  Mill 
board,  canvas,  lead,  cement  are  all  available.  In  general,  the 
more  nearly  iron  to  iron  the  joint  the  better. 

The  details  of  inserting  an  outlet  into  the  hub  of  the  hat 
flange  and  of  removing  the  disc  from  the  main  are  exactly 
similar  to  those  already  described  for  the  hub  sleeve. 

In  placing,  hat  flanges,  a  number  of  tools  are  needed  which 
are  seldom,  if  ever,  used  for  any  other  kind  of  main  work,  and 
for  this  reason  and  also  to  ensure  on  hat  flange  work  the 
presence  of  the  necessary  equipment,  it  is  advisable  to  have  this 
equipment  contained  in  a  special  box,  which  is  delivered  on 
the  work  when  required.  The  box  is  8yi'  x  Zyi"  x  2'y"  long, 
and  contains  the  following  equipment : 

1  "old  man"  and  attachments 

2  6'  cold  chisels 

3  21/33'  twist  drills  with  taper  shanks 

1  13*  flat  file 

2  gauges 

I    4^  pound  ball  hammer 

3  diamond  points 
I    centre  punch 

I  centre  punch  with  bushing  for  centering 

I  boiler  ratchet  with  it'  handle 

3  ^'  bolt  taps  with  square  shanks 

I  single-head  hexagon  screw  wrench 
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JOINTS. 

YARNING. 

For  pipe  no  larger  than  16",  one  caulker  only  is  needed  to 
yarn  a  joint.  The  yarn  is  cut  from  lyi"  to  2"  longer  than  the 
outside  circumference  of  the  pipe,  (and  it  is  not  good  practice 
to  use  at  any  time,  any  length  of  yarn  shorter  than  the  outside 
circumference),  as  determined  by  taking  one  end  of  the  yarn 
from  the  hale  and  passing  it  around  the  pipe  After  a  num- 
ber of  pieces  have  been  measured  in  this  way  and  cut  from 
the  bale,  a  sufficient  number  of  strands  are  taken  from  these 
pieces,  to  make  when  twisted  together,  a  rope  large  enough  to 
fill  solidly  when  compressed  by  the  yarning  iron,  the  radial 
space  between  spigot  and  bell.  The  proper  number  of  strands 
for  the  size  pipe  being  laid,  having  been  determined  and  twisted 
together,  one  end  of  the  rope  so  formed  is  tacked  in  the  right 
hand  side  of  the  joint  by  the  yarning  iron  and  pushed  at  least 
half  way  in.  The  balance  of  the  rope  is  then  stretched  aroimd 
the  pipe,  being  carefully  kept  in  its  twisted  state,  and  driven 
back  half  way.  This  method  of  working,  brings  the  caulker 
around  to  the  right  hand  side  where  the  yarn  was  entered  first, 
and  he  continues  around  a  second  time,  driving  the  yam  home 
this  time.  In  thus  making  two  circuits  of  the  pipe  in  yarning 
the  yam  remains  at  all  times  more  nearly  in  a  plane  perpendi- 
cular to  the  axis  of  the  pipe,  and  there  is  little  danger  of  dis- 
turbing the  lap. 

Where  cement  joints  are  used,  only  enough  depth  of  yarn 
is  needed  to  support  the  weight  of  the  spigot  end  and  keep  it 
central  in  the  bell  without  any  chance  of  sagging  while  the 
cement  is  setting.  Any  more  than  this  amount  is  uselessly 
occupying  space  needed  for  requisite  depth  of  cement.  It  is 
very  important  that  the  yarn  be  solidly  driven.  Also  for 
cement  joints,  'the  front  yarn  is  cut  and  prepared  for  the 
drivers,  and  laid  across  the  pipe  against  the  face  of  each  bel! 
when  back  yam  is  driven,  or  at  any  time  after  the  pipe  is  lined 
up.  This  method  saves  the  drivers  from  carrying  yam  from 
joint  to  joint,  it  renders  uniform  the  number  of  strands  used, 
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not  leaving  this  to  the  drivers'  discretion,  and  it  prevents  dirt 
gettii^  into  the  joint. 

Where  lead  joints  are  used,  the  depth  of  yam  is  determined 
by  the  depth  of  the  bell,  and  of  lead  required.  Each  layer 
needed  is  put  in  as  was  the  hrst,  but  a  new  starting  point  is 
taken,  so  that  the  lap  of  one  layer  does  not  come  above  that  of 
a  preceding  layer.  The  most  satisfactory  way  to  determine 
when  enough  depth  of  yarn  is  in,  is  to  measure  back  from  the 
driving  point  on  each  yarning  iron  the  depth  of  lead  desired, 
and  stop  yarning  when  the  point  is  touchii^  the  yarn  and  the 
mark  is  just  hidden. 

Mains  12"  and  larger,  being  blocked  under  the  spigot  end  as 
well  as  the  bell  end,  do  not  depend  on  the  yam  to  hold  the 
spigot  central  in  the  bell,  and,  therefore,  under  these  con- 
ditions, for  cement  joints  only  enough  yarn  is  needed  to  pre- 
vent the  cement  getting  inside  the  pipe.  For  mains  over  16", 
two  men  are  needed  to  yam  a  joint.  The  yam  is  inserted  and 
driven  just  as  described  for  the  small  mains,  except  that  each 
man  works  alternately  on  his  half  of  the  joint  until  the  yarn  is 
completely  back.  Then  both  men  drive  at  the  same  time  until 
the  yam  is  properly  compressed. 

Jute  yarn  of  a  middling  quality  should  be  used,  with  fibers 
long  enough  to  form  strands  that  will  twist  properly.  In  this 
yam  a  certain  amount  of  oil  will  always  be  present,  but  careful 
buying  will  eliminate  any  bales  with  an  excessive  amount. 
Tarred  yam  should  be  avoided,  as  the  tar  squeezes  out  under 
drivii^  and  deposits  a  film  on  the  iron  surfaces,  which  is 
detrimental  to  the  t^htness  of  lead  or  cement  For  cement 
joints,  some  men  use  yam  soaked  in  grout,  but  the  general 
preference  is  for  dry  yam,  both  at  the  back  of  the  bell  and  for 
drivii^,  as  it  is  considered  advantageous  to  soak  up  some  of 
the  water  squeezed  out  of  the  cement  by  driving.  For  lead 
wool,  at  first  yam  with  a  slight  amount  of  tar  was  used, 
as  the  tar  was  thought  necessary  to  form  a  compact  mass 
against  which  to  drive  the  first  lead  wool  strand.    Experience 
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has  shown  that  the  tar  works  through  the  lead  wool  and 
therefore  dry  yarn  is  preferable. 

The  exact  weight  of  yarn  required  per  joint  will  vary  not 
only  with  the  depth  of  yam  used,  but  also  with  the  tightness  of 
the  driving.  The  schedules  below  represent  New  York 
practice  with  cast  lead  joints,  and  Philadelphia  practice  with 
cement  joints : 
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LEAD  JOINTS. 


A  discussion  of  the  relative  advantages  of  a  lead,  as  com- 
pared with  a  cement,  joint  will  be  given  when  describing  the 
latter  joint. 

Although  depth  of  bells  have  been  more  or  less  standardized, 
there  is  much  variation  in  the  depths  of  lead  used  by  different 
companies  for  the  same  sizes  of  pipe.  Below  is  given  the 
Philadelphia  schedule  for  sizes  to  30"  inclusive,  and  the  New 
York  schedule  for  36"  and  48" : 

Size  of  Main. 
,//        y/        g//        jyf        ,6'/        jo"        h"      30"        36"         48" 

Depth  of  Lead. 

lyi"    iH"    a"     »Ji"     ^%"     i'A"     aJC"       3"     y/,"      3^" 

Approximate  Weight, 
61bs.  9lb8.  iilbs.  iilba  36lbs.  solbs.  6a  lbs.  75  lbs.  i34lba.  165 lbs. 
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In  considering  any  depths  of  lead,  it  should  be  remembered  that 
the  compression  due  to  the  most  vigorous  caulking  does  not 
extend  deeper  than  about  3i"  below  the  surface  of  the  joint. 

While  the  pipe  is  being  laid  and  yaraed,  one  pipe  man  has 
been  assigned  the  job  of  building  a  Bre  under  the  lead  pot  and 
havii^  the  lead  hot  when  needed.    He  also  brings  the  red  clay 


Fig,  I3.-Rubber  Band  for  Main. 

used  for  the  pouring  gate  to  the  proper  consistency.  The  first 
step  taken  to  pour  a  joint  is  when  a  pipe  man  puts  on  the 
rubber  band.  Fig.  13,  being  careful  to  drive  it  back  closely 
against  the  face  of  the  bell  while  tightening  it.  At  the  top, 
a  pouring  gate  is  made  by  the  use  of  red  clay,  which  is  also 
smeared  around  the  band  where  it  touches  the  bell.  The 
larger  the  pipe,  the  more  important  becomes  all  steps  taken  to 
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ensure  the  tightness  of  the  band  and  prevent  any  leaking  of 
lead. 
For  mains  as  large  as  i6*,  the  man  who  put  on  the  band  also 


pours  the  joint.  He  receives  the  ladle.  A,  Fig.  14,  (or  the 
pot  for  16",  B,  Fig.  14)  from  the  man  in  charge  of  the  lead 
pot.     For  20'  and  larger,  two  men  are  required  to  carry  the 
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pourii^  pot  from  the  lead  furnace  to  the  trench.  One  of  these 
men  lowers  the  pot  with  a  rope  and  hook  and  holds  the  weight, 
while  the  man  who  put  on  the  band  takes  a  hook  and  pours  the 
pot..  The  other  man  goes  back  to  the  lead  pot,  fills  a  hand 
ladle,  and  stands  with  it  resting  on  the  pat,  ready  to  bring  it 
quickly  if  needed. 

Ob  30"  work,  two  men  are  assigned  to  place  the  band,  and 
one  of  these  men  stands  along  side  the  pipe  while  the  joint  is 
being  poured,  with  day  in  hand  ready  to  stop  any  leakage  of 
lead.  Where  it  is  necessary  to  use  more  than  one  ladle,  or 
pot,  for  a  joint,  the  interval  between  pourings  should  be  as 
short  as  possible.  If  for  any  reason  a  joint  should  not  be 
fully  run  and  the  lack  occurs  in  the  upper  half,  the  surface  of 
the  lackii^  portion  may  be  roughened,  a  gate  made  around  it 
and  very  hot  lead  poured.  If  the  lower  half  of  the  joint  is 
lacking,  it  will  probably  be  better  to  cut  out  the  joint  and 
repour. 

When  the  jomt  has  been  poured,  a  short  interval  is  allowed 
for  cooling,  and  then  the  band  is  removed  and  placed  on  the 
next  bell.  The  joint  is  now  ready  for  caulking,  and  for  mains 
up  to  and  including  16",  there  is  but  one  caulker  to  a  joint.  A 
caulker  should  drive  five  6*  joints  each  hour,  four  S",  three  10" 
two  and  one-half  12",  or  two  16',  the  lineal  inches  of  lead  as 
measured  on  the  circumference  being  about  the  same  in  each 
case.  For  20"  and  larger  pipe,  two  men  are  required  to  a 
joint,  and  the  awkward  position  in  which  some  of  their  work 
must  be  done  does  not  allow  the  results  obtained  on  the  small 
pipe,  so  that  for  two  men,  two  20"  joints,  one  and  one-half  24" 
or  one  30"  will  be  about  the  hourly  result. 

In  caulking,  the  tools  shown  in  Fig.  15,  are  used.  The 
joint  is  first  chiseled  all  around  between  the  lead  and  the  spigot, 
beii^  careful  to  see  that  no  scale,  or  fillet  of  lead,  is  left  against 
the  iron.  After  the  joint  has  been  chiseled,  except  at  the  gate, 
the  latter  should  be  cut  off,  but  far  enough  from  the  face  of 
the  bell  to  allow  sufficient  lead  for  caulking.  After  chiseling 
at  the  gate,  the  caulker  begins  with  his  smallest  tool  and  en- 
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circles  the  joint.  He  then  repeats  this  performance  with  the 
next  larger  tool,  and  so  on  until  he  has  used  the  largest  tool 
possible  for  the  size  of  pipe  being  laid.  When  this  is  done, 
the  joint  is  completely  faced,  the  lead  will  be  driven  about 


flush  with  the  face  of  the  bell,  and  the  joint  could  in  ordinary 
practice  be  considered  finished.  Some  experiments  made  in 
Philadelphia  in  1901  showed,  however,  so  much  greater  resist- 
ance to  strains  brought  to  bear  on  joints  by  deflection  and 
tension,  when  these  joints  had  been  caulked  twice  than  when 
caulked  only  once  in  the  usual  way,  that  it  is  the  Philadelphia 
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practice  to  caulk  all  joints  twice.  In  other  words,  after  the 
joint  has  been  caulked,  as  just  described,  each  caulking  tool  is 
again  used.  Of  course,  this  almost  doubles  thecost  of  caulk- 
ing, which  however,  is  not  a  large  item  in  Philadelphia,  due 
to  the  almost  exclusive  use  of  cement  joints,  as  will  be  noted 
later  on. 

Each  caulker  should  be  provided  with  a  steel  stamp,  con- 
taining a  distinctive  number  or  letter,  and  with  this  should 
stamp  each  joint  made  by  him.  This  identification  of  work 
has  a  moral  effect  which  is  very  favorable  to  good  results,  and 
enables  the  responsibility  for  a  leaking  joint  to  be  placed 
against  the  original  caulker. 

The  number  of  caulkers  spoken  of  as  forming  part  of  main 
laying  gangs,  has  been  based  on  cement  joints,  and  more  will 
be  required  where  lead  joints  are  made,  due  to  the  longer  time 
required  for  caulking  lead,  as  compared  with  stuffing  cement. 

CEMENT  JOINTS. 
GENERAL. 

The  substitution  of  cement  for  lead  as  a  jointing  material 
for  bell  and  spigot  cast  iron  pipe  is  almost  entirely  a  develop- 
ment of  the  last  decade,  but  in  that  time  many  thousands  of 
cement  joints  have  been  made  with  such  favorable  results  on 
the  score  of  tightness,  and  of  economy  in  labor  and  material, 
as  compared  with  lead,  that  the  gas  engineer  using  lend  for 
mains  under  20"  has  the  burden  of  proof  against  him.  In 
Philadelphia,  in  the  last  thirteen  years,  430  miles  of  cement 
joints  have  been  laid,  and  in  sizes  under  30"  the  number  of 
leaking  joints  is  about  one  to  a  mile. 

For  some  time  after  the  adoption  of  cement  for  most  of  the 
small  main  work  in  Philadelphia,  lead  was  still  used  for  small 
mains  laid  in  the  congested  districts,  and  for  all  large  mains. 
It  was  tboi^ht  that  as  the  tendency  of  8*  or  smaller  pipe  laid 
with  cement  was  to  break  across  the  pipe  rather  than  at  the 
joint  when  under  a  stress,  especially  one  due  to  construction, 
it  was  safer  to  use  lead  in  all  locations  where  other  structures. 
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especially  conduits,  abounded,  as  it  seemed  preferable  uader 
those  conditions  to  have  a  number  of  small  leaks  in  lead  joints, 
than  one  leak-which  might  quickly  fill  conduits  and  manholes 
with  an  explosive  mixture.  Cement  joints  have  caused  so  few 
broken  mains,  however,  that  the  tendency  now  is  to  use  cement 
joints  in  all  small  mains  except  possibly  when  the  cover  is 
very  small,  so  that  stress  caused  by  traffic  or  temperature  is 
apt  to  be  great,  or  when  the  renewal  of  a  joint  would  prove 
very  troublesome.  One  advantage  of  a  lead  joint  is,  of 
course,  that  if  it  leaks,  simple  recaulking  will  usually  effect  a 
cure,  but  the  cement  joint  must  be  entirely  cut  out,  and  the 
conditions  under  which  the  joint  must  be  remade  are  not  as 
favorable  for  a  tight  joint,  as  if  the  pipe  was  being  laid  for 
the  first  time.  Dirt  is  apt  to  get  into  the  joint,  and  perfect 
adhesion  may  not  be  obtained  with  particles  of  the  old  cement 
left  clinging  to  the  pipe.  It  is  also  quite  evident  that  if  the 
space  surrounding  the  defective  joint  is  rather  confined,  the 
man  cutting  out  the  joint  may  suffer  from  the  effects  of  gas. 
For  all  the  above  reasons,  therefore,  lead  joints  are  preferable 
in  all  special  locations  where  future  joint  trouble  is  expected. 

To  return  to  the  history  of  Philadelphia's  experience  with 
cement  joints,  at  first  it  was  not  believed  that  cement  joints 
could  be  successfully  made  for  pipe  20"  and  larger.  When 
this  problem  was  solved,  as  will  be  described  later  on,  and  the 
practice  of  usii^  cement  joints  on  large  mains  was  adopted,  it 
was  still  thought  necessary  to  put  in  a  lead  joint  at  intervals 
to  provide  for  expansion  and  contraction.  It  was  believed  that 
the  joint  might  prove  stronger  than  the  pipe,  as  is  generally 
true  for  pipe  8"  and  smaller,  and  therefore  that  under  severe 
contraction  a  broken  main  might  result.  Naturally  a  broken 
30"  main  was  not  to  be  desired.  Therefore  in  laying  a  line  of 
30"  and  of  20'  in  1902,  lead  was  used  for  every  eighth  joint,  A 
comparison  of  the  distance  apart  of  two  marked  points  on 
either  side  of  a  lead  joint  in  the  30"  line,  as  between  August 
and  January,  showed  that  the  total  movement  could  be  ac- 
counted for  by  the  contraction  in  only  twenty-four  feet  of  pipe. 
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It  is  quite  probable  that  the  grip  of  the  frozen  ground  against 
the  pipe  is  much  stronger  than  any  stress  due  to  temperature. 
In  any  event,  as  there  were  no  cases  of  broken  30"  or  20" 
mains,  but  only  a  few  leaky  cement  joints,  two  facts  were  con- 
sidered proven:  First,  that  an  expansion  joint  was  of  no  use; 
second,  that  in  a  large  main  the  joint  was  the  weakest  point. 
This  last  conclusion  removed  the  final  objection  to  using 
cement  joint  on  large  pipe.  Ten  years  have  shown  a  cement 
joint  may  leak  after  being  tight  for  several  years,  and  is  then 
much  more  expensive  to  repair  than  a  lead  joint,  but  the  saving 
in  first  cost  is  so  great,  especially  in  large  mains,  and  the 
number  of  leaky  joints  so  few,  especially  in  small  mains,  that, 
as  stated  before,  the  user  of  the  lead  joints  is  put  on  the 
defensive. 

It  seems  very  probable  that  most  cement  joints  leak  not  be- 
cause of  a  temperature  stress,  but  because  of  settlement  of  the 
pipe,  and  where  a  good  foundation  may  not  be  secured,  lead 
joints  may  prove  cheaper  in  the  long  run.  In  this  matter  of 
settlement,  it  has  been  found  advisable  with  pipe  24"  and 
larger,  to  let  the  pipe  rest  on  the  blocking  at  least  over  night, 
to  allow  time  for  the  slight  compression  of  the  wood  by  the 
pipe  that  often  occurs. 

MATERIAL. 

Undoubtedly  Portland  cement  has  been  used  almost  exclu- 
sively for  joint  work,  even  in  the  early  days  when  natural 
cement  was  so  much  cheaper.  The  material  cost  is,  however, 
so  small  that  few  people  felt  justified  in  running  the  expen- 
sive risk  of  having  leaking  joints  through  using  natural 
cement,  generally  comparing  unfavorably  with  Portland 
cement  in  fineness  and  uniformity  in  composition.  In 
Philadelphia,  when  starting  cement  joint  work  in  1S99,  the 
Dyckerhoff  brand  was  used  and  proved  generally  satisfactory, 
except  that  at  times  there  were  complaints  of  lack  of  fineness. 
However,  in  1903,  American  Portland  cements  began  to 
challenge  attention,  and  it  was  deemed  advisable  to  test  various 
brands  to  see  whether  one  acceptable  for  cement  work  could 
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not  be  found.  Not  only  could  price  be  saved,  as  compared 
with  the  Dyckerhoff,  but  also  certain  inconveniences  inevitable 
in  buying  an  imported  article  be  avoided.  As  a  result  of  these 
tests,  Philadelphia  has  been  using  American  brands  since  1903, 

Each  brand  was  tested: 

First,  for  solidity  under  driving.  This  test  consisted  in 
noting  whether  the  cement  seemed  to  rock,  i.  e.,  act  more  or 
less  like  quicksand  when  being  driven.  It  is  quite  desirable, 
in  driving  a  joint,  that  the  cement  will  not  rock,  but  will  stay 
where  put,  so  that  in  driving  cement  home  at  one  part  of  the 
joint  there  will  be  no  lateral  displacement  resulting  in  the 
cement  rising  up  at  other  parts  of  the  joint. 

Second,  for  activity.  A  very  quick  setting  cement  would  be 
objectionable,  especially  for  large  mains  where  the  joints  take 
some  time  to  make. 

Third,  for  soundness.  The  soundness  was  tested  in  several 
ways.  Freedom  from  checking  or  cracking  was  determined 
by  a  standard  pat  test.  Expansion  was  judged  by  pouring 
grout  into  some  bottles,  and  ramming  stiff  cement  into  other 
bottles,  and  noting  which  bottles  broke  after  setting.  Where 
expansion  is  not  due  to  impunities,  it  is  an  advantage  for  joint 
makers.  Into  some  of  the  bottles  red  ink  was  poured  on  top 
of  the  cement.  If  any  contraction  occurred,  the  ink  would 
find  its  way  between  the  cement  and  the  glass. 

Fourth,  for  fineness.  This  is  a  standard  test  and  was  made 
with  a  No.  80  sieve. 

Fifth,  for  adhesion.  In  this  test  a  split  sleeve  was  clamped 
around  a  pipe  and  by  using  grease  on  one-half  of  the  pipe,  a 
joint  was  obtained  between  the  pipe  and  one  piece  of  the  sleeve 
only.  Weights  were  suspended  from  this  piece  until  it  broke 
away  from  the  pipe.  The  strength  of  a  cement  joint  under 
ordinary  conditions  is  measured  by  the  adhesion  of  the  cement 
to  the  iron  under  a  strain  acting  parallel  to  the  axis  of  the  pipe. 

MAKING. 

The  pipe  having  been  yarned,  and  well  secured  from  any 
possible  movement,  by  blocking  beneath  it  and  by  refilled  eanh 
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for  three  or  four  feet  along  the  middle  of  each  length,  is  now 
ready  for  the  joint  making  process.  On  small  mains  the  joint 
gang  consists  of  one  mixer,  one  passer,  one  ])acker  and  two 
drivers,  lire  mixer  has  an  iron  wheelbarrow,  a  large  pan, 
or  a  cement  mixing  board,  measures  for  cement  and  water, 
and  a  small  short  handle  hoe.  The  passer  has  a  trowel  and 
a  pan,  or  a  mixing  board.  The  passer  and  packer  wear  rubber 
gauntlet  gloves.  The  drivers  have  a  caulkii^  hammer,  F, 
Fig.  ID,  and  a  cement  caulking  tool,  G,  Fig.  lo. 

The  surface  of  the  bell  and  of  the  spigot  included  in  the 
joint  have,  before  the  pipe  is  laid,  been  very  carefully  cleaned. 
For  this  purpose  a  wire  brush,  and  perhaps  gasoline,  has  been 
used  at  least  a  day  before  joint  making,  in  order  to  give  the 
gasoline  time  to  evaporate. 

The  mixer  measures  out  a  definite  amount  of  cement  and 
water,  and  mixes  it  into  a  thoroughly  homogeneous  mass.  This 
mixing  should  be  done  in  the  shade  if  possible.  There  will 
always  be  more  or  less  difference  of  opinion  as  to  the  exact 
qnanti^  of  water  to  use,  some  men  preferring  wetter  cement 
than  others,  but  in  Philadelphia,  the  proportion  recommended 
is  three  of  cement  to  one  of  water  by  volume.  This  will  make 
a  mixture  which  will  appear  crumbly  in  the  pan,  and  will  just 
retain  the  impression  of  the  Bngers  when  squeezed  in  the  hand. 
No  more  should  be  mixed  in  any  one  batch  than  can  be  used 
in  the  time  before  setting  begins.  This  time  will  depend  on  the 
quickness  in  setting  of  the  cement  being  used,  as  shown  by  the 
activity  tests.  Ordinarily,  twenty  minutes  is  the  maximum 
time  that  should  elapse  from  the  mixing  of  water  with  the 
cement  to  the  final  work  on  any  joint  on  which  that  particular 
batch  of  cement  was  used.  The  mixing  pan,  or  board,  should 
be  kept  scraped  clean  of  all  old  cement  In  practice,  of  course, 
it  is  hard  to  ensure  that  the  mixer  will  always  follow  these 
rules  relating  to  small  and  fresh  batches,  but  the  larger  the 
pipe,  the  more  certain  it  is  that  carelessness  in  these  matters 
will  mean  leaky  joints. 

A  batch  being  ready,  the  passer  cuts  from  it  with  his  trowel 
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a  wedge-shaped  piece  and  hands  this  to  the  packer,  who  is 
astraddle  of  the  joint.  The  packer  takes  the  cement  from  the 
trowel  in  his  gloved  hands  and  starts  to  pack  the  joint  from 
the  bottom.  He  works  up  both  sides  together,  finishing  at  the 
top,  using  the  sides  of  his  hands  and  fingers  to  push  in  the 


Fig.  i6.— Cement  Joint. 

cement.  He  considers  the  joint  to  be  fully  packed,  when  on 
pushing  his  fingers  on  the  lower  half  of  the  joint,  the  cement 
pushes  out  beyond  the  face  of  the  bell  at  some  point  along  the 
upper  half.  When  this  is  the  case,  he  starts  from  the  bottom 
and  coming  up  simultaneously  on  each  side,  wipes  away  with 
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the  finger  tips  of  each  hand,  any  cement  on  the  spigot  outside 
of  the  bell,  and  on  the  face  of  the  bell  itself.  At  this  point  in 
the  process  the  cement  occupies  the  whole  space  A-D,  Fig.  i6. 

The  driver  now  b^ins  by  taking  up  the  yam  strands,  already 
prepared  for  him,  as  described  under  "Yarning,"  and  lying 
across  the  pipe.  These  he  twists  if  necessary  and  tucks  one 
end  in  on  the  left  hand  side  of  the  joint  near  the  top.  He  then 
starts  to  push  the  yam  in  past  the  face  of  the  bell,  working 
down  along  the  left  hand  side  and  up  the  right  hand  side  to  the 
starting  point  at  the  top.  The  yam  has  then  entered  the  bell 
all  the  way  round,  and  the  excess  cement  is  scraped  off  by  the 
caulking  tool  and  drops  to  the  bottom  of  the  trench.  Beginnii^; 
at  the  first  starting  point,  the  driver  now  goes  around  the 
joint  in  the  same  direction  as  before,  caulking  the  yarn  until  it 
feels  solid  under  the  caulking  tool.  The  proper  amount  of 
driving  to  be  done  to  a  joint  may  not  be  described,  but  can  be 
learned  by  experience  only.  It  is  quite  possible  to  drive  the 
yam  too  hard.  When  the  yam  begins  to  show  moisture,  this 
is  a  usual  indication  that  enough  driving  has  been  done.  The 
driving  yam  then  occupies  the  space  B-C,  and  the  cement  the 
space  C-D,  Fig.  i6. 

After  packing  all  the  joints  laid  out  for  him,  the  packer 
starts  at  the  beginning  of  the  tine,  and  fills  the  space  A-B,  Fig. 
i6  with  cement,  leaving  a  surface  flush  with  the  face  of  the 
bell  as  shown.  This  last  fillet  of  cement  serves  merely  to  pro- 
tect the  driving  yarp  from  the  soil,  not  being  gas  tight  itself. 
Rather  wet  cement  of  dough-like  consistency  is  used,  forty-five 
pounds  being  mixed  at  one  time  on  6'  work,  enough  to  make 
twelve  joints. 

A  gang  of  five  experienced  men  following  the  procedure 
above  described,  can  make  fifty  6"  joints  in  an  hour,  or  thirty- 
five  8"  joints,  or  twenty  12'  joints.  For  mains  16"  and  larger, 
the  gang  is  composed  of  one  mixer,  one  passer,  two  packers 
and  four  drivers.  The  method  of  working  is  the  same  as  for 
the  small  mains.    Fourteen  16",  ten  20",  seven  24*  or  five  30" 
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joints  represent  what  can  be  done  per  hour  by  these  eight  men 
when  experienced. 

TEMPERATURE  PRECAUTIONS. 

While  the  use  of  cement  joints  on  small  pipe  dates  back 
for  many  years,  it  is  believed  that  only  since  1902  have  cement 
joints  on  large  pipe  been  successfully  made  on  an  extensive 
scale.  At  that  time  the  Philadelphia  Gas  Works  determined 
to  use  cement  on  its  large  mains  if  possible,  and  after  a  few 
weeks  of  failure,  involving  the  cutting  and  remaking  of  several 
scores  of  20"  joints,  it  was  discovered  that  if  the  temperature 
of  the  main  was  kept  nearly  constant  from  the  time  the  joint 
was  stufiFed  until  it  had  set,  ti^t  joints  would  be  the  rule  and 
not  the  exception,  even  on  30^  pipe.  Also,  in  order  to  throw 
the  least  possible  strain  due  to  temperature  changes,  on  the 
finished  joint,  it  is  advisable  to  have  the  tonperature  of  the 
pipe  as  close  as  possible  to  mean  underground  conditions. 
This,  of  course,  is  more  easily,  or  perhaps  only  attainable, 
when  main  laying  occurs  during  the  spring  or  fall  months. 

Therefore,  it  is  the  Philadelphia  practice  to  give  preference 
to  these  months  for  large  main  laying,  and  this  is  usually  quite 
feasible  because  the  need  for  such  mains  is  seldom  so  impera- 
tive that  a  delay  from  winter  till  spring,  or  summer  till  fall, 
is  not  possible.  Small  mains,  of  course,  have  to  be  laid  at  alt 
seasons  of  the  year,  but  fortunately,  a  given  range  of  tempera- 
ture during  joint-making  and  setting  does  not  seem  to  have 
the  same  harmful  effect  on  a  small,  as  on  a  large,  pipe.  In- 
deed some  people  do  not  believe  it  is  necessary  to  take  any 
temperature  precautions  when  laying  pipe  8"  and  smaller,  but 
such  a  course  will  often  involve  a  risk  out  of  proportion  to  the 
slight  saving  involved. 

What  are  the  temperature  precautions  to  be  taken?  To 
b^n  with,  if  the  pipe  has  been  exposed  to  the  rays  of  a  hot 
sun  long  enough  to  become  warm,  joint  makii^  should  not 
start  until  the  iron  has  had  a  chance  to  cool  to  the  air  tempera- 
ture. Ordinarily,  pipe  can  be  laid  one  day  and  joints  made  the 
next,  in  which  case  there  is  plenty  of  chance  for  the  necessary 
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cooling.  If,  however,  joint-making  must  occur  the  same  day, 
it  may  be  necessary  to  use  water  on  both  bell  and  spigot  ends 
just  before  layii^,  to  bring  down  the  temperature  quickly. 
Neither  bell  nor  spigot  should  be  left  wet,  for  such  a  condition 
would  add  undesirable  moisture  to  the  cement.  It  may  also 
be  necessary  when  the  pipe,  after  being  laid,  is  exposed  to  a 
hot  sun  before  joint-making,  and  there  will  be  no  chance  of  its 
coolii^  through  atmospheric  changes,  to  sprinkle  it  with  water 
applied  at  frequent  intervals  by  a  sprinkling  can,  or  to  adopt 
any  of  the  precautions  decribed  later  on  as  being  taken  after 
the  joint  is  made. 

The  most  acceptable  time  for  joint-making  on  a  sunny  day 
is  m  the  late  afternoon  or  early  morning.  The  pipe  being  at 
about  the  existing  air  temperature,  and  joints  having  been 
made  at  either  of  these  times,  the  problem  is  to  prevent  a  range 
over  10°  in  temperature  for  the  time  intervening  between 
joint-making  and  testing.  What  this  time  should  be  will  be 
discussed  later.  If  the  time  is  twelve  hours,  making  in  the 
afternoon  is  preferable,  as  the  night  rai^e  of  air  temperature 
will  usually  be  less  than  the  day  range  in  the  sun. 

The  earth  that  has  been  retilled  midway  around  each  lei^h, 
not  only  helps  to  keep  the  pipe  securely  in  position,  but  protects 
the  covered  portion  from  temperature  changes,  so  that  only 
about  four  feet  each  way  from  the  joint  remains  to  be  pro- 
tected. There  are  several  ways  of  doing  this.  One  method 
very  effective,  but  comparatively  expensive  and  hardly  neces- 
sary except  perhaps  for  30"  pipe,  is  to  place  a  few  inches  above 
the  pipe  a  platform  of  loose  boards,  itself  covered  by  six  inches 
of  earth.  The  dead  air  space  thus  formed  acts  as  an  efficient 
insulator,  and  in  very  hot  weather  it  may  be  found  advisable 
to  build  the  platform  after  the  pipe  is  laid,  removing  it  for 
joint-making  and  replacing  while  the  joint  is  setting.  Follow- 
ing this  procedure  on  a  line  of  30"  laid  in  May,  air  tempera- 
tures under  the  platform  varied  in  forty-eight  hours  from  56° 
to  61°  only,  while  the  corresponding  range  of  the  outside  air 
was  from  53°  to  74°.  This  record  is  typical  of  what  is 
accomplished  by  temperature  precautions. 
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Another  method  of  maintaining  temperatures  constant, 
which  has  proven  quite  acceptable  under  ordinary  conditions, 
especially  with  pipe  20"  and  smaller,  is  to  cover  the  exposed 
portion  of  the  pipe  with  coarse  bagging,  kept  wet  by 
sprinkling.  If  the  days  are  hot  and  the  nights  cold,  it  is  a  wise 
precaution  to  let  the  bags  dry  out  towards  dark,  otherwise 
evaporation  might  bring  about  a  pipe  temperature  lower  than 
normal.  Still  a  third  method,  applicable  if  the  trench  is 
through  a  smooth  roadway  surface  and  not  for  pipe  lai^r 
than  20",  is  to  stretch  cheesecloth  across  the  trench  and  by 
keeping  this  cloth  wet,  protect  the  trench  from  the  sun's  heat. 

On  cloudy  days  in  spring  or  fall,  often  no  precaution  at  all  is 
necessary,  and  even  sunny  days  at  these  seasons  involve  less 
air  range  between  night  and  sun,  than  is  true  in  summer. 
Severe  winter  conditions  do  not  have  to  be  considered  because 
in  such  weather,  no  main  laying  is  done,  only  repair  work.  In 
Philadelphia,  cement  joints  are  ordinarily  used  on  this  work, 
and  resulting  leaks,  if  any,  have  been  few.  The  joints  would 
be  made  as  soon  as  the  pipe  was  uncovered,  and  refilled  right 
after  making,  so  that  ordinarily  on  winter  work,  the  tempera- 
ture of  ground,  pipe  and  air  would  not  vary  far  from  30°,  dur- 
ing the  whole  period  from  making  to  setting.  In  laying  new 
pipe,  it  does  not  seem  advisable  to  use  cement  joints  when  the 
air  temperature  falls  much  below  30°. 

LEAD  WOOL  JOINTS. 

Many  slight  modifications  of  the  bell  and  spigot  joints  have 
been  proposed  from  time  to  time,  involving  a  change  in  thcbell 
and  spigot  design,  but  have  never  met  with  any  acceptance.  In 
the  last  seven  years,  however,  "lead  wool,"  a  special  prepara- 
tion of  lead  in  a  fibrous  or  shredded  form,  has  been  extensively 
used  on  mains  30"  and  larger.  Especially  notable  is  its  use 
in  New  York  City  on  48"  pipe.  The  libers  are  put  into  the 
joint  in  the  same  way  as  yarn,  one  caulking  tool  being  used 
until  the  face  of  the  joint  is  reached,  when  sufficient  tools 
are     used     to    make     a     smooth     face.     The    labor    costs 
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with  hand  caulking  are,  on  large  pipe,  from  three  to 
four  times  as  great  as  for  cast  lead.  The  material  costs 
about  twice  as  much  per  pound,  but  as  less  is  used,  the  cost  per 
joint  is  one  and  one-half  times  as  much  as  cast  lead.  On  long 
jobs  of  large  mains,  the  use  of  pneumatic  caulking  tools  has 
improved  the  work  and  lessened  the  cost,  and  an  experiment 
is  being  made  with  a  caulking  machine,  which  will  still  further 
reduce  the  labor  cost.  However,  the  total  joint  cost  will  still 
exceed  cast  lead,  and  be  so  far  above  cement  that,  even  though 
lead  wool  has  almost  a  zero  leak  record,  yet  for  pipe  24"  or 
smaller,  the  argument  seems  to  favor  cement.  On  30"  pipe, 
cement  shows  more  leaks  than  cast  lead,  and  time  alone  will 
prove  whether  the  leaks  which  may  finally  develop  in  cement 
joints  in  this  size  will  outweigh  the  great  saving  in  first  cost. 
A'oove  30",  the  choice  lies  between  cast  lead  and  lead  wool.  On 
isolated  work,  such  as  leak  repairs,  where  size  of  pipe  or  tem- 
perature conditions  preclude  cement,  lead  wool  will  generally 
prove  more  convenient  and,  through  saving  in  time,  more 
economical  than  cast  lead. 

A  fuller  treatment  of  lead  wool  joints  is  impossible,  both  for 
lack  of  space  and  of  personal  experience.  The  files  of  the  gas 
journals  for  the  last  five  years  contain  all  that  has  been  written 
on  the  subject. 

TESTING  JOINTS. 

The  ordinary  small  main,  laid  for  low  pressure  distribution, 
needs  no  test  for  tightness  prior  to  refilling,  save  a  test  with 
soap  suds  under  gas  pressure.  The  necessity  for  any  test  has  a 
tendency  to  delay  main  work  and  increase  expense,  and  this 
is  especially  true  where  the  test  is  made  by  pumping  air  irito 
the  main.  Experience  has  shown  that  the  test  with  gas  is 
sufHcient  under  the  conditions  described.  The  suds  are  applied 
with  an  ordinary  shaving  or  other  suitable  brush,  over  the  face 
of  the  joint  and  the  adjacent  spigot  and  bell,  and  any  leak  in 
the  joint  will  be  indicated  by  the  presence  of  soap  bubbles. 
There  will  be  times  when  it  is  advisable  to  refill  as  soon  as  the 
joint  is  made  and  to  omit  any  testing  whatever,  as  for  instance 
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where  the  trench  cannot  be  kept  open  for  any  length  of  time, 
or  when  cement  joints  are  used  and  temperature  conditions  are 
hard  to  maintain.  In  New  York  the  success  with  lead  wool 
joints  has  been  so  great  that  no  test  is  made. 

When  the  main  is  being  laid  by  contract,  or  when  it  is  larger 
than  12",  it  is  good  practice  to  make  a  test  imder  air  pressure 
of  three  to  live  pounds.  Observations  of  a  pressure  gauge  in 
connection  with  a  soap-suds  test  of  all  joints,  will  indicate  the 
degree  of  tightness  secured.  If  possible,  the  test  should  be 
made  at  a  time  when  the  range  of  air  temperature  is  small,  for 
in  a  large  main  there  might  be  a  stationary  or  slightly  rising 
pressure,  even  when  there  are  a  few  large  leaks.  Of  course, 
the  possibility  of  this  occurrence  is  greatly  increased  if  the 
line  under  pressure  is  quite  long,  as  is  often  the  case  where 
each  successive  section  laid  is  joined  to  the  preceding  sections 
and  air  pressure  applied  to  the  whole  line.  Where  each  section 
is  tested  alone,  and  the  length  of  line  under  pressure  does  not 
exceed  one  thousand  feet,  the  gauge  is  more  independent  of 
temperature,  but  at  the  same  time  temperature  must  always 
be  borne  in  mind.  It  is  possible  with  fallii^  temperature,  to 
have  a  falling  gauge  on  a  perfectly  tight  line. 

When  any  fall  in  pressure  cannot  be  accounted  for  by  tem- 
perature conditions  and  yet  every  joint  shows  tight,  a  search 
should  be  made  for  a  cracked  pipe.  It  is  a  very  foolish  act  to 
pass  a  line,  especially  of  large  pipe,  on  a  fallii^  pressure  iintil 
every  inch  of  main  has  been  carefully  examined. 

For  any  volume  up  to  2,000  feet  of  30"  pipe,  the  air  pump, 
Fig.  17,  is  sufficiently  large.  For  a  lai^er  volume,  a  steam 
driven  pump  could  be  used  to  advantage,  imless  the  amount  of 
use  would  not  justify  the  outlay.  Outfits  are  obtainable  in 
which  boiler  and  pump  are  mounted  on  a  wagon  frame,  and 
so  may  be  easily  drawn  from  place  to  place. 

Below  follows  a  method  used  in  Philadelphia  for  an  air  test 
The  test  is  usually  made  as  near  7:00  A.  M.  as  possible.  The 
night  beforei  all  openings  in  the  main  are  plugged  up,  the  air 
pump  is  attached  to  the  main,  and  the  mercury  gauge  is 
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examined  and  made  ready  for  attachment.  In  attaching  the 
air  pump,  a  iJ4"  hole  is  tapped  either  on  the  main  or  prefer- 
ably, in  the  closing  plug  or  cap.  Sufficient  i^"  pipe  provided 
with  suitable  Sittings  to  allow  a  }i"  connection  with  the  gauge, 


Fig.  17.  — AirPnmp. 

is  used  to  place  the  gauge  in  a  convenient  point  for  observation. 
Armored  hose  connects  the  ij4"  pipe  to  the  pump. 

Arrangements  are  made  to  commence  pumping  at  such  an 
hour  in  the  morning  that  the  required  pressure  will  be  reached 
at  7:00  A.  M.     With  the  pump  shown  in  Fig.  17  for  a  pressure 
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of  three  pounds  in  five  hundred  feet  of  30",  four  men  would 
be  needed  for  two  hours.  The  test  is  made  by  two  men  with 
pound  brushes  and  a  bucket  of  ivory  soap  suds.  A  foreman 
supervises  the  work  and  marks  any  leaks  as  found.  When  the 
test  is  completed,  the  pressure  should  be  relieved  through  the 
standpipe  or  in  any  other  way,  before  removing  the  plug  or 
cap  at  the  end  of  the  section  under  pressure,  as,  if  not,  there  is 
danger  of  injury  to  the  workmen. 

PRECAUTIONS  AGAINST  SETTLEMENT. 

After  a  pipe  is  laid  and  covered  up  in  a  tight  condition,  the 
only  reasons  to  cause  breaks  or  leaky  joints  are  some  agencies, 
usually  human,  acting  during  subsequent  exposure  of  the  pipe ; 
stresses  due  to  street  traffic  and  to  temperature ;  and  settlement 
of  the  pipe  itself.  The  first  danger  must  be  guarded  against 
by  efficient  line  walking,  the  second  and  third  are  affected  by 
-the  depth  of  the  pipe,  and  the  fourth,  to  which  is  due  many 
leaky  joints  in  all  sizes  of  pipe  and  many  breaks  in  small  pipe, 
will  be  considered  now. 

Supposing,  as  is  generally  trae,  that  the  trench  is  in  firm 
ground,  the  theory  used  to  be  that  the  pipe  should  be  laid  on 
this  firm  trench  bottom,  proper  excavation  being  made  for 
each  bell.  This  theory  worked  all  right  in  practice  where 
obstructions  were  few,  and  therefore  no  occasion  arose  to 
decrease  the  expected  cover  of  the  pipe  after  the  trench  was 
bottomed ;  and,  more  important  still,  where  the  gang  was  small 
in  number  and  contained  one  or  more  laborers  skilled  in  making 
a  bottom  that  lay  in  one  plane,  and  was  not  formed  of  a  series 
of  small  planes.  The  above  conditions  were  never  obtainable 
in  towns  of  any  size,  and  usually  the  result  of  laying  directly 
on  the  earth  was  a  line  supported  at  a  series  of  points  along 
each  length,  and  occasionally  resting  on  refilled  earth  where 
the  original  trench  depth  was  too  great.  Trouble  has  fre- 
quently resulted  from  such  conditions,  and,  of  course,  more 
often  with  large  pipe,  with  resulting  heavy  repair  cost. 

A  little  reflection  will  show  that  without  any  earth  com- 
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pression,  the  support  of  a  lei^h  lying  on  the  earth,  is  a  line 
about  eleven  feet  long.  If,  as  would  be  usually  done,  the  pipe 
was  allowed  to  drop  on  its  bed  several  times,  then  assuming  it 
always  fell  in  the  same  place,  there  would  be  a  concave  bed 
probably  several  inches  wide.  Actually,  however,  it  would  be 
impossible  to  get  any  greater  bed  than  one  dropping  would 
accomplish,  and  if  such  dropping  did  not  leave  the  pipe  in  a 
straight  line  with  the  pipe  already  laid,  a  crook  must  be  left 
in  the  line,  or  the  bed  disturbed. 

The  use  of  blocking  obviates  the  difficulties  above  mentioned. 
The  trench  need  not  be  carefully  bottomed  except  where  the 
blocking  rests.  In  setting  the  block,  paving  rammer  should  be 
used  to  ensure  that  the  block  has  a  firm  bearing  over  its  whole 
area.  Another  good  way  of  bedding  the  block  is  to  raise  the 
bell  end  of  pipe  about  two  feet,  and  then  allow  the  latter  to  fall 
free  on  the  block.  The  pipe  can  now  be  freely  moved  side- 
ways on  the  block,  or  up  and  down  by  inserting  distance  pieces 
and  wedges,  with  the  certainty  that  its  stability  is  not  being 
affected.  The  use  of  wedges  and  of  the  distance  pieces  of  i" 
board  enables  an  exact  alignment  as  to  height,  something  im- 
possible to  obtain  when  laying  on  the  trench  bottom. 

In  deciding  on  the  sizes  of  blocking  to  be  used  for  various 
sized  mains,  there  is  ample  opportunity  for  the  use  of  in- 
dividual judgment.  Below  is  the  schedule  used  in  Philadelphia: 

SCHEDUX.H  OK  BLOCKING. 
Siie  of  blockinK-  Siie  ordiBtnocc  pitcM.         Sl«  of  »edg« 


w 

dth 

Length 

.V 

2" 

II" 

3' 

2" 

i8" 

3"  to  i 

io"toia"  3"  la" 

I6"t0  30"  3"  12" 

34"  1030"  4"  II"      30"        I"         la"      24" 


4" 

s" 

Lenslh 
6" 
S" 

5" 
5" 

17" 

For  s 

The  blocking  must  always  be  used  of  full  width  and 
placed  upon  undisturbed  earth.  For  mains  over  16',  two 
blocks  are  laid  side  by  side  at  each  blocking  point,  making 
the  width  of  four  bIocI:s  for  each  length. 

This  schedule  may  be  considered   by   some  as  being  too 
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liberal,  but  it  was  designed  with  the  knowledge  that  a  few  leak- 
ing joints  under  asphalt  would  pay  for  many  feet  of  lumber. 
Two  inch  blocks  undoubtedly  could  be  used  for  small  pipe,  but 
3"  will  last  longer,  and  the  extra  thickness  may  be  needed  some 
day  to  prevent  settlement,  where  a  block  has  been  improperly 
imbedded.  The  blocks  have  been  made  short  and  wide  rather 
than  long  and  narrow,  because  the  more  nearly  square  the 
block  is,  the  more  apt  is  it  to  bear  on  its  whole  surface.  A 
block  which  is  almost  as  long  as  the  trench  is  wide,  will  require 
great  vigilance  on  the  foreman's  part  to  prevent  many  such 
blocks  being  set,  resting  on  earth  only  at  each  end. 

The  surface  area  of  the  blocking  for  each  size  main  as  given, 
causes  a  pressure  per  square  inch  of  such  surface,  which  is 
the  bearing  surface  of  the  blocking  on  the  trench,  varying  from 
thirty-two  pounds  in  the  case  of  8",  to  ten  pounds  for  the  24", 
the  weight  taken  being  that  of  a  pipe  itself  and  a  parallel- 
opipedon  of  earth,  three  feet  high,  twelve  feet  long  and  of 
width  equal  to  the  outside  diameter  of  the  pipe.  For  pipe 
over  8"  in  size,  there  are  two  blocking  places  in  each  length, 
and  this  enables  a  positive  support  to  the  spigot  end,  which  is 
of  great  advantage  in  making  cement  joints,  as  it  enables  less 
yam  and  more  cement  to  be  used,  and  prevents  any  settling  of 
the  spigot  with  a  consequent  leak.  Where  more  blocking  area 
is  needed  than  will  be  given  by  two  blocks  to  a  length,  four 
are  used,  two  at  each  blocking  place.  In  this  way,  3"  x  12' 
lumber  can  be  used  for  all  blocking,  the  only  difference  between 
the  various  blocks  being  in  their  length,  and  these  latter  have 
been  so  arranged  that  some  of  the  larger  blocks  may  be  cut  to 
form  two  smaller  blocks. 

There  is  only  one  objection  worth  noting  to  the  use  of 
blocking.  This  is  the  space  left  between  the  main  and  the 
trench  bottom.  The  question  of  refilling  this  space  will  be  con- 
sidered later.  As  already  stated,  a  little  care  in  insetting  the 
blocking  in  the  trench  bottom  will  reduce  the  space  to  rather 
less  than  one  inch  in  height,  and  this  care  should  be  exercised 
especially  with  larger  mains. 
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Blocking  will  care  for  the  ordinary  conditions  of  main  lay- 
ing. Where  the  soil  is  of  uncertain  stability,  or  the  weight 
exceptional,  as  with  some  special  castings,  especial  methods 
might  be  used.  Short  piles  may  be  driven  into  the  trench 
bottom  at  each  side  and  the  blocking  rest  on  them.  Concrete 
or  brick  piers  may  be  built.  Such  piers  are  often  advisable  - 
under  specials,  particularly  bends  used  where  the  main  chaises 
in  cover,  and  a  big  pile  of  blockii^  would  otherwise  be  re- 
quired. In  every  case,  however,  the  pipe  itself  should  rest  on 
wood  and  not  on  the  pier  direct. 

BAGGING. 

NECESSITY  FOR  BAGGING. 

No  matter  how  small  the  pipe,  no  connection  should  be  made 
to  a  main  either  by  a.  cut  out  or  by  removing  a  plug  or  cap, 
without  first  stopping  off  the  flow  of  gas.  There  are  many 
workmen  and  some  foremen  who  object  to  this  precaution  in 
the  case  of  2",  3"  or  even  4"  mains,  and  w*o,  if  left  to  their 
own  devices,  would  often  "jump  in"  a  connection  without 
stopping  off  the  flow  of  gas.  Such  a  practice,  however,  should 
not  be  tolerated,  as  it  involves  too  much  risk  to  the  workmen, 
and  also  to  the  maintenance  of  gas  supply  on  the  main  con- 
cerned. 

In  the  old  days  of  small  mains,  animal  bladders  served  fairly 
well,  and  there  was  nothing  better  until  the  advent  of  rubber 
bags,  which  in  turn,  within  the  last  decade,  have  been  largely 
supplanted  by  stoppers. 

Of  course,  the  larger  the  main,  the  more  dangerous  would 
be  the  result  of  unrestricted  flow,  and,  therefore,  the  more  care 
that'is  necessary  in  the  provisions  for  stopping  off  this  flow. 
In  Philadelphia,  one  bag  or  stopper  must  be  used  to  prevent 
gas  flow  in  mains  8"  and  smaller,  and  two  bags,  or  two  stoppers, 
or  one  bag  and  one  stopper,  for  larger  mains.  The  last  com- 
bination is  to  be  preferred,  especially  in  the  very  large  mains, 
where  the  stopper  is  not  apt  to  flt  close  enough  to  prevent  a 
leak  sufficiently  large  to  bother  the  workmen.  Ordinarily,  a 
60 
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separate  hole  is  tapped  for  each  bag,  or  stopper,  and  the  latter 
is  placed  farthest  from  the  opening,  in  other  words,  towards 
the  gas  flow,  and  takes  up  the  pressure,  so  that  the  bag  simply 
prevents  what  little  gas  may  be  going  past  the  stopper,  from 
getting  into  the  portion  of  main  being  connected.  This  is  on 
the  assumption  that  a  wrought  iron  "bleeder"  pipe  varying  in 
size  from  i"  to  2"  is  inserted  into  the  tap  hole  for  the  bag,  and 
that  through  this  pipe  there  escapes  into  the  air,  well  above  the 
top  of  the  trench,  any  gas  leaking  past  the  stopper.  There  may 
often  be  cases  when  a  bleeder  pipe  is  not  necessary.  If  so,  of 
course  the  bag  stands  the  full  pressure  differences,  but  the  first 
stopper  is  the  safeguard  against  any  great  gas  flow,  in  case  the 
bag  should  break. 

SIZE  OF  BAG  HOLES. 
The  schedule  in  use  in  Philadelphia,  governing  the  sizes  of 
holes  to  be  tapped  for  the  insertion  of  bags  and  stoppers,  is  as 
follows : 


sue  or  null) 

Hole  for  h.g 

Hoi 

e  (or  Hopper 

3" 

i" 

1" 

4" 

\" 

IX" 

6" 

l«" 

IJ<" 

8" 

a" 

a" 

10" 

a" 

a" 

la" 

%%" 

a?4" 

16" 

V 

3" 

20" 

•3" 

3" 

14" 

4" 

4" 

30" 

4" 

4" 

36" 

4" 

4" 

•4"  will  be  needed  tor  the 

:  heavy  canva 

sbags. 

INSERTION  AND  WITHDRAWAL. 
In  inserting  a  bag,  the  procedure  is  about  as  follows ;  After 
the  hole  has  been  drilled,  the  portion  of  the  main  where  the  bag 
will  rest,  is  carefully  cleaned  of  any  metal  cuttings,  or  any  con- 
densation, the  latter  often  having  a  very  rapid  action  in  dis- 
solving rubber.  This  cleaning  is  accomplished  by  means  of 
waste  or  cloth  at  the  end  of  a  stick.    Where  condensation  is 
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encountered  it  is  advisable  by  soaping  to  protect  the  bag  as 
well  as  tnay  be.  Soap  will  also  help  in  making  a  bag  hold 
back  gas  where  the  inside  of  a  main  is  quite  rough.  If  it  is 
thought  desirable  to  use  a  bag  saving  device,  this  is  now 
screwed  on. 

The  bag  fork,  I,  Fig.  lo,  is  sometimes  used  in  inserting  the 
bag,  which  is  placed  in  a  folded  position  on  the  face  of  the 
fork,  and  the  bag  stem  pulled  back  between  the  prongs  near 
the  hilt.  The  bag  and  fork  are  then  entered  simultaneously, 
the  fork  serving  to  force  the  bag  down  into  the  main  and  away 
from  the  hole.  After  inflation  of  the  bag,  the  fork  is  with- 
drawn. Where  there  is  much  more  pressure  on  one  side  of  a 
bag  than  another,  the  fork  is  of  special  use  in  holding  the  bag 
in  place  until  inflated.  In  the  absence  of  a  bag  fork,  a  stick 
is  used  to  force  in  the  bag,  which  is  always  sni^ly  rolled  or 
folded. 

A  bag  is  properly  placed  when  the  axis,  passing  through  the 
stem,  coincides  with  the  axis  of  the  main.  In  inflating  large 
bags,  a  bag  pump,  B,  Fig.  i8,  is  generally  used.  By  means  of 
a  small  bag  inserted  in  the  supply  line,  an  indication  is  given 
of  the  d^ee  of  inflation  of  the  bag  in  the  main.  This  also 
can  be  told  by  observing  the  bag  itself  through  the  bag  hole. 
Large  bags  have  cocks  attached  to  their  stems  to  control  the  air 
flow.  The  stems  of  small  bags  are  tied  together  in  a  kinked 
position.  A  small  stick  should  be  attached  to  the  stems  of  all 
bags  in  such  a  way  as  to  prevent  the  bag  from  being  forced 
away  from  the  bag  hole.  All  bags  or  stoppers,  while  in  use, 
should  be  under  constant  supervision  to  ensure  that  they  are 
maintaining  their  inflation  and  position. 

In  removing  a  bag,  the  air  is  first  allowed  to  escape,  and  then 
the  bag  is  slowly  pulled  out  through  the  opening,  first,  by 
means  of  the  neck,  and  then  by  pulling  on  the  bag  itself,  the 
pull  being  always  applied  close  to  the  main,  and  the  b^  kept 
rolled  up  like  an  umbrella.  All  condensation  should  be  im- 
mediately removed  from  the  bag  by  the  use  of  soap  and  warm 
water. 
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In  inserting  a  stopper.  A,  Fig.  i8,  it  is  neatly  folded  and 
pressed  tc^ether,  and  pushed  in  carefully  and  slowly,  it,  as  well 
as  the  bag,  being  always  a  snug  fit  in  the  hole  allowed  by  the 
schedule.  The  handles  are  kept  uppermost  until  the  stopper 
is  completely  within  the  main.  The  stopper  is  now  revolved 
through  i8o°  and  pushed  into  the  hole  about  as  far 
as  it  will  go,  bringing  the  top  of  the  flexible  frame  a  few  inches 


(»j 


Fig.  i8.  — (A)  Stopper.     (B)  Bag  Pump. 

from  the  hole.  The  top  of  the  flexible  frame  is  then  in  con- 
tact with  the  top  of  the  main,  and  a  short  distance  in  front 
of  the  hole,  the  bottom  of  the  frame  is  on  the  bottom  of  the 
main,  and  the  axis  of  the  stopper  is  at  an  angle  of  about  45°, 
with  the  axis  of  the  main.  The  top  is  kept  in  this  po- 
sition, or  perhaps  forced  slightly  away  from  the  hole  by  means 
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of  the  short  handle,  while  by  the  long  handle  the  lower  end  is 
drawn  back  towards  the  hole,  thus  bringing  the  plane  of  the 
frame  into  perpendicularity  with  the  axis  of  the  main,  and 
forcing  the  frame  into  a  circular  shape.  When  ready  to  draw 
the  stopper,  the  lower  end  is  pushed  forward  along  the  bottom 
of  the  main,  and  the  upper  end  is  drawn  slightly  back,  until  the 
frame  has  assumed  its  greatest  possible  length.  The  stopper 
is  then  revolved  l8o°  bringing  the  frame  on  top,  and  with- 
drawn, 

CARE  IN  REGARD  TO  SUPPLY  OF  GAS. 

Bagging  off  the  supply  of  gas  involves  certain  operations 
which,  unless  precautions  are  taken,  may  result  in  a  diminution, 
or  entire  stoppage,  of  supply  to  consumers.  These  operations 
are :  First,  the  tapping  of  the  bag  hole  and  any  subsequent 
opening  of  it,  allowing  free  gas  flow ;  and  second,  the  insertion 
of  the  b^  with  a  consequent  interruption  of  gas  flow  in  the 
main. 

The  precautions  to  be  observed  in  connection  with  the 
tipping  of  the  bag  hole,  of  course,  apply  equally  to  the  tapping 
of  any  hole  for  any  purpose,  or  to  any  work  which  makes  in 
any  pipe  conveying  gas,  an  openir^  whose  area  is  of  appreciable 
size  as  compared  with  the  area  of  the  pipe.  Experience  has 
shown  that  if  flow  is  quickly  established  through  the  ordinary 
hole  tapped  in  the  average  size  main,  the  diminution  in  pressure 
caused  thereby,  may  be  quite  sufficient  to  put  out  lights  turned 
low,  and  that  the  quick  uncovering  of  the  opening,  causes  the 
pressure  in  the  main  to  fall  momentarily  to  a  point  lower  than 
is  caused  by  the  steady  flow  of  gas  through  the  opening.  Of 
course,  the  amount  of  effect  produced  in  any  main,  that  is,  the 
number  of  feet  each  side  of  the  opening  that  the  effect  extends, 
and  the  extent  of  pressure  lowering,  depends  entirely  upon  the 
rdation  between  size  of  main  and  of  opening,  and  the  condi- 
tions affecting  the  supply  of  gas  into  the  main.  However, 
such  serious  results  may  ensue  from  unlighted  gas  issuing 
from  Immers,  extinguished  by  a  lowering  of  pressure,  because 
of  the  careless  tapping  of  holes  and  their  uncoverit^  in  puttit^ 
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in  bags,  that  it  is  wise,  especially  in  cities  and  larg%  towns,  to 
observe  the  followii^  precautions. 

When  any  opening  is  made  between  a  main  and  the 
atmosphere,  so  that  gas  may  escape  from  the  openii^,  the  plug, 
tap,  or  fitting,  the  removal  of  which  makes  the  opening,  should 
not  be  moved  away  from  the  main  at  right  angles  to  it,  but 
should  be  moved  sidewise  over  the  opening,  and  kept  in  close 
contact  with  the  main,  and  as  it  is  moved  off  the  opening,  the 
fitting,  or  plug,  which  is  to  take  its  place,  should  be  moved  on. 
Neither  motion  should  be  rapid  or  sudden.  The  result  will  be 
that  at  no  time  is  the  whole  area  of  the  opening  exposed  for 
the  escape  of  gas,  and  also  that  there  is  no  rapid  change  in  the 
area  through  which  gas  is  escaping. 

When  a  hole  has  been  tapped  for  the  insertion  of  a  bag  (or 
stopper)  and  the  bag  is  to  be  inserted  at  once,  in  removing  the 
tap  from  the  main,  it  should  be  slid  sidewise  over  the  hole  and 
followed  immediately  by  the  hand,  placed  in  such  a  position  as 
to  partially  encircle  the  receding  tap,  and  to  block  off  the  escap- 
ing gas  as  far  as  possible.  In  inserting  the  bag,  the  hand 
should  be  moved  slowly  over  the  hole  to  afford  room  to  insert 
the  end  of  the  bag,  and  the  hand  should  continue  to  cover  the 
hole  as  much  as  possible,  until  the  latter  is  filled  by  the  bag. 
As  the  bag  gets  further  in  and  begins  to  taper  oH  towards  the 
top,  the  hand  should  again  be  placed  over  the  hole,  and  kept 
there  until  the  bag  is  inflated.  In  withdrawing  the  bag,  the 
same  precautions  should  be  observed  in  reverse  order;  and,  in 
general,  everything  done  which  will  decrease  the  absolute 
rapidity  of  gas  flow,  and  the  rapidity  of  change  in  amount  of 
flow. 

The  practice  described  above  should  be  followed  in  mains 
of  all  sizes.  In  addition,  where  the  main  is  3"  or  smaller,  or 
is  supplied  from  only  one  end,  and  any  portion  of  this  sole 
supply  is  3"  or  smaller,  a  pressure  gauge,  as  shown  in  F^.  19, 
should  be  connected  with  the  main  so  that  any  pressure 
drop  can  be  noticed,  and,  if  at  any  time  as  little  as  i.o"  pressure 
is  shown,  then  an  examination  must  be  made  in  the  neighbor- 
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ing  houses  to  make  sure  that  no  lights  have  been  put  out.  In 
general,  in  any  work  involving  possible  interference  with  the 
evenness  of  gas  flow,  any  nearby  street  lamp  supplied  from  the 
main  in  question  should  be  lighted,  as  its  flame  will  be  a  val- 
uable telltale  of  what  is  happening  in  the  main. 

Discussing  now  the  second  precaution,  vis.,  what  will  be  the 
effect  of  the  insertion  of  the  bag  in  that  portion  of  the  main 
which  must  not  be  deprived  of  gas,  the  whole  question  hinges 
upon  what  is  known  of  the  main  connections  in  the  region  in 
which  the  work  is  being  done.  Where  the  records  are  per- 
fect, and  show  that  a  main  is  connected  at  both  ends,  then  in 
the  absence  of  a  stoppage,  such  as  water  in  a  trap,  or  a  drip,  or 
some  other  obstruction,  a  bag,  or  bags,  may  be  inserted  with 
confidence  that  the  result  will  be  the  stoppage  of  supply  to  that 
section  of  main  only,  whose  isolation  is  desired. 

If,  however,  it  is  necessary  to  bag  oS  a  portion  of  a  main 
which  is  not  positively  known  to  be  supplied  from  both  ends, 
the  work  should  be  done  according  to  the  following  directions, 
as  illustrated  by  Fig.  19.  Place  a  bag  (or  stopper)  through 
the  hole  at  "X"  in  the  position  "A,"  Fig.  i,  judging  the  flow  of 
gas  toward  the  bag  by  noting  the  speed  of  the  gas  escaping 
from  the  bag  hole.  The  escape  of  gas  thus  permitted  should 
be  brought  on  gradually  for  reasons  already  explained.  If  no 
drop  in  pressure  is  noticed,  deflate  the  bag,  inflate  in  position 
"B"  and  test  for  flow  of  gas  as  before.  If  this  test  indicates 
a  satisfactory  flow,  leave  bag  in  position  "B."  Another  bag 
inserted  through  bag  hole  "Y"  in  position  "C"  completes  the 
operation  of  isolating  the  portion  of  the  main  to  be  repaired  or 
removed.  The  tests  at  "X"  have  demonstrated  that  gas  was 
being  supplied  in  both  directions,  and  that  therefore  no  by- 
pass is  necessary. 

If  on  making  test  with  bag  in  position  "A"  or  "B,"  a  drop  in 
pressure  is  noted,  indicating  some  obstructions  or  a  dead  end,  ' 
the  bag  should  be  left  in  position  inflated  until  the  extent  of 
the  section  deprived  of  gas  is  ascertained  and  the  meter  cock  in 
each  house  closed.     (This  same  routine  should  be  followed  in 
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any  case  of  bagging  od  a  main  where  it  was  discovered  that 
gas  had  been  shut  oH  from  a  section  not  meant  to  be  isolated). 
Having  done  this,  the  bag  may  be  deflated  and  gas  again 
allowed  to  flow  into.the  section  unintentionally  isolated.  Be- 
fore resuming  the  work  necessitating  the  bagging,  a  siphon 
gauge.  Fig.  2,  should  be  attached  to  the  section  previously 
isolated  and  a  by-pass  laid  around  the  section  to  be  bagged 
ofl.     Observations  of  the  gauge  should  be  made  while  insert- 
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Fig.  19. — Freasure  Gauge. 

ing  or  removing  by-pass,  bags,  etc.  If  at  any  time  the  pressure 
falls  below  1.0",  the  gas  should  immediately  be  shut  off  the 
section  so  affected,  and  an  examination  made  of  each  hoil$e  as 
already  described.  Fig.  2  shows  the  position  of  the  bags  and 
by-pass  when  ready  to  cut  out  or  repair  under  the  conditions 
already  described,  in  other  words,  the  arrangement  necessary 
when  the  main  is  fed  from  one  end  only. 
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When  withdrawing  the  bags  in  the  arrai^ement  as  shown  in 
Fig.  I,  on  completion  of  the  work,  the  bag  (or  bags),  which 
was  the  first  to  be  inflated,  should  be  drawn  iirst,  and  the 
resulting  pressure  noted.  In  this  way,  if  by  any  chance  the 
supply  of  gas  has  been  unknowingly  cut  off  on  the  side  of  the 
section  hrst  bagged  off,  this  fact  will  at  once  be  shown  on  with- 
drawing the  bag,  by  the  entire  absence  of  pressure,  and  the 
proper  precautions  can  be  taken.  When,  as  in  Fig.  2,  a  by- 
pass is  in  use  and  in  place,  the  first  bag  inserted  should  be  at 
"L"  in  the  dead  end  supplied  by  the  by-pass,  being  placed  as 
shown  on  the  side  of  the  hole  away  from  the  section  to  be 
repaired  or  removed.  This  bag  must  be  the  last  one  with- 
drawn, for  the  full  supply  of  the  main,  in  addition  to  the  by- 
pass, must  be  available  to  the  dead  end  section  as  the  last  bag 
is  being  deflated,  or  otherwise  the  escape  through  the  hole 
"W,"  even  with  every  care  exerted,  might  be  sufficient  to 
render  the  supply  through  the  by-pass  insufficient  to  keep  up 
the  pressure  in  the  dead  end  section. 

PURGING. 

The  operation  of  "purging,"  »'.  e.,  tilling  a  main  with  gas, 
may  be  either  very  easy  or  very  difficult,  according  as  there 
happens  to  be  a  small  length  of  main,  or  an  extensive  system 
to  be  dealt  with.  In  every  case,  however,  care  is  needed  to 
prevent  any  chance  of  ignition  of  the  explosive  mixture  of  gas 
and  air  issuing  from  the  main  being  purged. 

In  its  simplest  form  as  applied  to  a  stretch  of  ordinary  size 
main,  ending  in  a  location  where  a  little  gas  smell  is  not 
objectionable,  purgii^  consists  of  removing  a  screw  plug  from 
a  hole  tapped  in  the  main  at  the  end  farthest  from  the  source 
of  supply,  and  allowing  first  the  air  and  then  the  mixture  of 
gas  and  air  to  blow  into  the  atmosphere  until  either  by  smell, 
or  by  sampling  the  issuing  gas,  it  is  believed,  or  found,  thai 
all  the  air  has  been  removed.  The  advisability  of  sampling 
increases  with  the  size  of  the  main,  and  with  the  chance  of  the 
mixture  of  gas  and  air  being  supplied  to  consumers  before  any 
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other  operations  tend  to  produce  a  flow  of  gas  through  the 
main  in  question,  and,  therefore,  to  reduce  the  air  to  a  negligi- 
ble percentage. 

The  sampling  may  be  accomplished  by  tilling  with  the  issuing 
gas  a  deflated  rubber  gas  bag,  and  tiien  removing  the  bag  to  a 
safe  distance,  inserting  a  pipe  with  a  burner  attached,  in  the 
stem  of  the  bag,  squeezing  the  bag  and  lighting  the  stream 
issuing  through  the  burner.  The  color  of  the  flame  will 
indicate  how  nearly  pure  gas  the  bag  contains. 

With  an  increase  in  the  size  (and  to  some  extent  the  lei^h) 
of  the  main,  will  result  an  increased  volume  of  gas  and  air 
to  be  discharged  into  the  atmosphere,  before  purging  is  com- 
plete. This  will  often  mean  the  advisability  of  a  standpipe 
screwed  into  the  outlet  hole,  and  discharging  above  the  heads 
of  pedestrians.  Also,  as  the  period  in  which  an  explosive  mix- 
ture exists,  is  longer,  than  with  a  small  main,  the  use  of  wire 
gauze  in  the  standpipe  is  a  wise  precaution.  This  gauze  pre- 
vents any  flame  which  might  ignite  at  the  standpipe  end,  from 
flashing  back  into  the  main. 

In  every  case  of  purging,  the  precautions  already  spoken  of 
under  "Care  in  Regard  to  Supply  of  Gas,"  should  be  carefully 
observed.  After  the  main  is  considered  to  be  properly  purged, 
the  plugs  of  all  drip  standpipes  should  be  removed,  to  allow  the 
escape  of  any  air  that  might  be  pocketed  in  the  lower  portions 
of  the  drip  pots. 

An  arrangement  that  has  been  used  in  Philadelphia  on  mains 
i6°  and  over,  is  shown  in  Fig.  20.  The  convenient  method 
for  sampling  the  gas  will  be  noted. 

Very  rarely  it  may  happen  that  the  main  to  be  purged  is 
situated  where  the  escape  of  gas  would  create  a  considerable 
nuisance,  as  in  a  crowded  business  thoroughfare.  If  so,  if  it 
is  not  advisable  to  purge  until  the  smell  comes  and  then  stop, 
trusting  to  the  sufficient  admixture  of  the  air  remaining  with 
the  gas,  to  prevent  any  chance  of  lights  going  out,  or  of  very 
poor  illumination,  the  only  remaining  course  is  to  bum  the 
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issuing  stream  at  the  top  of  the  standpipe.  With  a  gauge  of 
mesh  as  small  as  that  used  in  safety  lamps,  and  a  standpipe 
equipped  with  four  successive  sheets  of  gauze,  arranged  in  two 


pairs,  two  feet  apart,  each  sheet  of  a  pair  being  separated  by  a 
^"  gasket,  there  would  seem  to  be  no  risk  of  any  flashing  back 
in  the  main,  if  care  is  taken  to  observe  that  the  pipe  is  not 
becoming  warm,  for  a  reason  now  to  be  told. 
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In  supplying  New  York  City  with  gas  made  on  Long  Island, 
it  happened  that  fifty  miles  of  mains  were  laid  before  the 
tunnel  under  the  East  River  was  completed.  Therefore,  this 
main  system  had  to  be  purged  more  or  less  as  a  whole,  and  it 
was  actually  purged  in  two  sections.  It  was  decided  to  burn 
the  gas  in  order  to  be  sure  that  all  of  the  air  had  been  expelled. 
Standpipes  with  four  gauzes  about  as  described  above,  were 
successfully  used  on  this  occasion  and  also  on  each  subsequent 
addition  to  the  main  system,  until  one  day,  when  purging  about 
one  thousand  feet  of  20"  main,  an  explosion  occurred,  due  un- 
doubtedly to  the  flame  at  the  end  of  the  standpipe  flashing 
back  into  the  main.  The  only  explanation  for  the  passage  of 
the  flame  back  through  the  four  sheets  of  gauze,  would  seem 
to  be  that  the  fiame  first  flashed  back  to  the  upper  pair  of 
gauzes,  and  burned  above  them  so  long  as  to  make  them  red 
hot.  In  this  case  the  flame  would  travel  down  to  the  second 
pair,  and  after  they  had  become  red  hot,  an  explosion  could 
occur  if  the  mixture  was  still  explosive.  An  observation  of 
the  temperature  of  the  standpipe  would  have  disclosed  the  fact 
of  the  flame  burning  on  the  gauzes,  and  the  danger  being 
incurred. 

A  feature  of  purging  where  more  than  a  single  line  of  main 
is  in  question,  is  the  necessity  for  bagging  at  certain  points  to 
prevent  large  pockets  of  air.  For  instance,  when  one  or  more 
of  the  mains  is  fed  from  both  ends,  three  bag  holes,  with  a  bag 
in  the  centre  hole,  will  allow  the  air  to  come  both  ways  to  the 
b^,  and  issue  out  of  the  other  two  holes  without  forming  any 
pocket.  Naturally,  in  work  of  this  kind,  the  tightness  of  the 
bags  is  very  important,  and  each  such  bagging  place  should  be 
under  the  continuous  surveillance  of  a  reliable  workman. 

MAINTENANCE  OE  GAS  SUPPLY  DURING  MAIN 
LAYING. 

IMPORTANCE  OF  MAINTAINING  SUPPLY, 
So  far,  in  discussing  the  question  of  main  laying,  it  has  been 
assumed    that    the    work    involved    an    extension    into    new 
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territory.  Many  mains  are  laid,  however,  to  replace  existing 
lines,  and  in  these  days  of  the  extensive  use  of  gas  for  heating 
and  other  domestic  and  industrial  purposes,  it  is  often  im- 
perative, with  any  due  regard  for  the  rights  of  the  consumer, 
that  any  cessation  in  gas  supply  be  as  short  as  possible.  This 
means  to  begin  with,  that  gas  supply  be  kept  up  either  through 
the  existii^  main  or  temporary  main,  until  the  new  main  has 
been  purged.  If  gas  is  maintained  in  the  existing  main,  but 
this  must  be  disconnected  from  its  ordinary  source  of  supply, 
to  allow  the  connection  of  the  new  main,  then  a  by-pass  must 
first  be  installed  across  the  gap.  It  also  means  that  the 
transfer  of  old  service  to  new  main,  or  from  old  main  and  old 
service  to  new  main  and  new  service,  should  be  done 
expeditiously. 

In  considering  this  work,  three  different  conditions  will  be 
taken  up  in  ttirn :  First,  where  the  existing  main  is  not  in  the 
way  of  the  new  one,  and  therefore  can  be  kept  in  use  until  the 
main  has  been  purged;  second,  where  the  existing  main  must 
be  removed  to  make  way  for  the  new  one,  but  prior  to  such 
removal  a  temporary  main  may  be  laid ;  and  third,  where  the 
existing  main  must  be  removed,  but  no  temporary  main  is 
feasible. 

SUPPLY  BY  EXISTING  MAIN. 

Where  the  existit^;  main,  whether  or  not  exposed  in  the 
trench  made  for  the  new  main,  may  continue  to  supply  gas 
until  the  new  main  has  been  purged,  the  work  of  main  laying 
is  not  much  more  different  than  in  the  case  of  new  extension, 
except  for  what  support  may  have  to  be  provided  for  any 
section  of  the  existing  main  that  may  be  exposed  in  the  trench. 
At  this  point,  it  should  be  stated  that  the  value  of  the  iron 
recovered,  even  at  scrap  prices,  generally  makes  it  an 
economical  proceeding,  other  considerations  being  equal,  to 
lay  the  new  main  in  such  a  location  that  the  existing  main  may 
be  removed  with  either  no,  or  only  a  slight  amount  of  addi- 
tional excavation. 

Before  the  new  main  is  purged,  all  necessary  service  holes 
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should  be  tapped,  and  service  renewals  made  to  within  the 
cellar  wall.  Then  in  the  case  of  a  consumer  whose  service 
was  renewed,  the  discontinuance  of  gas  supply,  will  only  cover 
the  time  necessary  to  transfer  the  piping  on  the  inlet  side  of 
the  meter,  from  the  old  service  to  the  new  one,  which  may  in- 
volve only  the  unscrewing  of  the  existing  inlet  connection,  and 
the  screwing  of  a  new  inlet  connection  attached  to  the  new 
service.  When  the  service  does  not  need  renewing,  there  will 
be  necessary,  in  addition  to  the  work  inside  the  cellar  and 
preceding  it,  the  cutting  of  the  existing  service  and  its  recon- 
nection  to  the  new  main.  The  above  service  details  apply 
equally  as  well  to  the  paragraphs  that  follow. 

SUPPLY  BY  TEMPORARY  MAIN. 

Where  a  temporary  main  is  to  be  laid,  its  size  should  be 
determined  from  accurate  knowledge  of  the  maximum  demand 
of  the  consumers  to  be  supplied.  Usually  a  2"  or  3"  main  will 
be  amply  large,  and  wrought  iron  is  generally  preferable  for 
any  size  smaller  than  S",  The  location  is  normally  above 
ground  and  close  to  the  curb,  either  in  roadway  or  on  footway. 
Tees  forming  part  of  the  line  of  pipe,  make  the  best  method 
of  service  connection.  Each  tee  is  joined  by  iron  pipe,  or  by 
pipe  and  armored  rubber  hose  to  one  of  the  existing  services. 
This  involves  a  cessation  of  gas  supply  while  the  service  is 
being  cut  off  from  the  existing  main  and  connected  to  the 
temporary  main.  Generally,  the  connection  to  the  service  will 
be  made  outside  of  the  curb  cock,  but  even  in  that  case,  it  will 
be  advisable,  when  using  hose  connection,  to  put  a  cock  be- 
tween the  hose  and  the  outlet  from  the  temporary  main.  This 
second  cock  allows  a  quick  shut-off  in  case  the  hose  connection 
pulls  off  or  in  any  way  develops  a  leak  not  capable  of  quick 
repair. 

The  temporary  main  will  usually  be  supplied  with  gas 
through  one  (or  preferably  two)  connections  tapped  into  the 
existing  main  system.  In  the  case  now  under  consideration, 
viz.,  where  a  temporary  main  is  used  only  during  the  laying  of 
a  new  main,  it  is  seldom  necessary  to  make  any  provisions  for 
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condensation  in  the  trap  formed  by  the  service  connection 
above  described.  Where,  however,  temporary  mains  are  laid 
because  of  the  forced  removal  of  permanent  mains  during  the 
progress  of  street  work,  and  temporary  supply  will  continue 


Fig.  21.— Temporary  Main. 

during  cold  weather,  ample  drip  provision  should  be  made  at 
any  trap. 

Figs.  21  and  22  illustrate  some  features  of  temporary  main 
work, 

SUPPLY  IN  ABSENCE  OF  ANY  MAIN. 

The  case  in  which  the  existing  main  must  be  removed  to 
allow  room  for  the  new  main,  no  temporary  main  was 
possible,  and  consumers  usit^  gas  at  all  hours  of  the 
day,  would  undoubtedly  prove  to  be  very  rare.  Where  the 
existing  main  was  fed  from  two  directions,  it  could  be  cut  out 
at  the  end  from  which  the  new  main  was  being  laid  without 
installing  a  by-pass.     Then  the  problem  of  main  laying  would 
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consist  in  removing  the  existing  main  in  as  small  units  as 
seemed  practicable,   and  in  purging  the  new  main  in  small 


Pig.  aa. — Temporary  Main, 
sections  as  laid.     Holes  for  services  would  be  tapped  in  the 
new  main  before  laying,  and  would  serve  as  successive  purging 
and  bag  holes.     In  this  way,  no  consumer  need  be  out  of  gas 
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more  than  one  or  two  hours,  and  by  special  expedients  this 
time  could  be  greatly  reduced.  For  instance,  a  temporary 
pipe  might  be  run  from  the  top  of  the  street  tee  in  the  last  ser- 
vice on  the  new  main,  to  connect  with  the  service,  or  services, 
being  disconnected  from  the  section  of  existing  main  just 
taken  out  to  make  way  for  the  next  section  of  new  main. 

Where  the  existing  main  was  only  fed  from  one  end,  and 
this  was  the  end  from  which  the  new  main  was  laid,  a  by-pass 
would,  of  course,  have  to  be  installed  to  feed  the  existing  mam, 
and  with  the  progress  of  the  new  main,  the  position  of  the 
by-pass  would  be  continually  changii^. 

REFILLING. 

GENERAL  CONSIDERATIONS. 

In  refilling,  there  is  always  an  opportunity'  of  skimping 
work,  entirely  absent  in  the  case  of  trenching.  The  great 
saving  in  labor  atlorded  by  loose  filling  or  puddling,  as  com- 
pared with  tamping  and  rammit^,  often  results  in  the  adoption 
of  one  or  the  other,  where  not  only  the  best  interests  of  the 
work,  but  also  of  the  public,  require  that  ramming  should  be 
done.  In  discussing  the  conditions  that  should  be  kept  in 
mind  in  deciding  on  any  particular  method,  this  general  rule 
should  never  be  forgotten,  viz.,  that  the  public  has  a  right  to 
expect  such  refilling  as  will  restore  as  promptly  as  possible  to 
its  original  condition,  the  surface  of  any  trench  in  any  road- 
way, where  traffic  is  seriously  incommoded  until  such  restora- 
tion is  complete. 

Unless  the  expense  is  very  great,  only  good  soil  should  be  in 
close  proximity  to  a  main,  and  cover  it  by  a  layer  six  inches  to 
a  foot  thick.  This  is  especially  important  where  the  main  is 
of  wrought  iron  or  steel  and  the  good  soil  is  substituted  for 
ashes,  cinders  or  city  refuse.  Cast  iron  is  not  nearly  so  sub- 
ject to  corrosion,  but  still  good  soil  around  it  is  advisable.  The 
objection  to  refilling  with  small  or  large  stones  or  broken  rock, 
hinges  entirely  on  the  question  of  future  repairs.  If  the  trench 
is  not  apt  to  be  opened  to  any  great  extent,  as  would  be  true 
6i 
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of  most  small  main  jobs,  a  large  expense  for  soil  to  replace  the 
excavated  rock  would  not  be  justified.  However,  it  often 
happens  when  solid  rock  is  encountered,  that  the  excavated 
material  can  be  sold  on  the  trench  side  at  a  slight  profit,  thus 
paying  for  the  substituted  earth. 

During  the  winter  time  when  the  excavated  earth  freezes,  it 
should  be  broken  up  as  far  as  feasible,  both  as  excavated  and 
after  being  frozen,  before  refilling,  because  the  larger  the 
lumps  replaced,  the  less  the  material  returned  to  the  trench, 
and  the  more  settlement  occurring  after  the  frost  goes  out. 
As  far  as  possible,  unfrozen  material  from  the  centre  of  the 
pile  should  be  placed  around  the  pipe.  When  other  condi- 
tions are  acceptable,  and  the  temperature  is  not  so  low  that 
the  water  will  freeze,  instead  of  thawing  the  frozen  lumps, 
puddling  may  be  used  to  advantage  with  frozen  material. 

The  character  of  the  temporary  surface  over  the  trench  in 
those  cases  where  repaving  does  not  follow  immediately  upon 
refilling,  will  vary  with  the  kind  of  paving  and  will  be  dis- 
cussed under  the  head  of  "Repaving," 

RAMMING. 

Ramming  should  be  the  practice  wherever  there  is  much 
travel  along  and  over  the  trench,  or  where  repaving  must  follow 
immediately.  It  is  accomplished  by  tamping  and  ramming 
solely,  or  in  combination  with  puddling. 

If  the  main  has  been  laid  with  cement  joints,  dirt  has  been 
tamped  under  and  along  side  of,  and  rammed  on  top  of,  the 
pipe  a  depth  of  several  inches,  except  at  the  bell  holes.  If 
lead  has  been  used,  the  amount  of  refill  that  has  been  done 
prior  to  the  completion  of  laying  work,  will  depend  upon  the 
necessity  for  strengthening  the  trench  or  keeping  the  laborers 
busy.  In  any  case  the  first  refilling  work  after  the  pipe  has 
been  laid,  tested  and  purged,  is  to  cover  any  existing  uncovered 
portion  of  pipe,  and  where  compact  filling  is  necessary,  there 
should  be  for  every  shoveler  on  the  bank  two  men  in  the 
trench,  tamping  the  earth  under  the  pipe  and  between  it  and 
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the  trench  sides,  and  then  after  the  pipe  has  be«n  covered,  or  a 
sufficient  width  of  trench  reached,  changing  to  a  rammer. 
When  first  tamping  around  a  pipe,  which  is  not  held  in  posi- 
tion by  any  earth,  the  tampers  should  be  in  pairs,  one  on  each 
side  of  the  pipe,  working  against  each  other  and  thus  preserving 
the  alignment.  Both  in  tamping  and  ramming,  the  lowest 
point  on  the  trench  should  be  refilled  first,  and  the  refilling 
thereafter  carried  on  tn  horizontal  planes. 

For  any  mains  larger  than  12",  an  economic  width  of  trench 
for  all  laying  purposes,  will  not  afford  room  enough  on  each 
side  of  the  pipe  to  ensure  that  the  space  between  the  bottcun  of 
main  and  of  trench  is  filled  even  loosely,  and  therefore,  unless 
there  is  a  willingness  to  incur  extra  excavatii^  expense,  it 
must  be  understood  that  there  will  be  under  all  large  mains  a 
space  of  varying  dimensions,  which  will  afford  a  gas  leak  a 
fairly  free  passage.  However,  this  is  about  all  the  harm  done, 
with  the  resulting  chance  of  making  the  exact  location  of  a 
future  leak  somewhat  harder.  If  the  main  is  properly  blocked, 
it  will  not  settle,  and  if  the  trench  is  elsewhere  properly  filled, 
the  hollow  under  the  main  will  cause  no  earth  settlement. 
Nevertheless,  because  it  is  impossible  to  entirely  fill  the  space 
imder  the  main,  does  not  mean  that  no  effort  should  be  made 
to  fill  as  much  space  as  tools  and  trench  will  allow.  The 
larger  the  main,  the  more  attention  should  be  paid  to  this  first 
tamping,  and  the  better  the  laborers  assigned  to  the  work. 

With  a  proper  proportion  of  rammers  to  shovelers  and  the 
right  kind  of  rammers,  which  mean  men  able  to  and  paid  to 
ram  hard,  there  will  usually  be  no  difficulty  in  replacing  all 
material  removed  for  mains  8"  and  smaller.  On  larger  mains, 
where  earth  has  to  be  hauled  away,  an  accurate  account  should 
be  kept  of  such  removed  material,  and  if  it  exceeds  the  volume 
of  the  pipe  laid,  an  explanation  should  be  forthcoming  from 
the  foreman. 

In  recent  years  power  rammers,  driven  by  gasolene  or  com- 
pressed air  have  become  available.  They  are  probably  still  in 
an  experimental  stage,  but  with  the  increasing  difficulty  of  pro- 
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curing  good  labor,  the  value  of  such  machines,  both  as  labor 
saving  devices  and  as  ensuring  proper  ramming,  will  increase. 

In  any  refilling,  but  especially  in  ramming,  care  is  necessary 
to  protect  from  injury,  all  small  pipes  exposed  in  the  trench, 
especially  any  lead  water  services.  These,  where  over  the 
pipe,  should  be  blocked  from  it,  or  if  under,  from  the  trench 
bottom.  In  either  case  the  blocking  tends  to  prevent  any 
pressure  of  the  earth  on  the  lead  pipe,  pulling  it  out  of  the 
water  main.  Ramming  over  terra  cotta  pipe  should  be  care- 
fully done  to  prevent  a  smashing  in  and  possible  stoppage. 

If  the  trench  is  to  be  paved  at  once,  refilling  should  stop  at 
the  point  below  the  surface  where  the  paving  base  begins. 
Otherwise,  the  trench  should  be  filled  to  the  street  surface,  or 
at  the  most,  only  slightly  mounded.  If  it  should  happen  for 
any  reason  that  material  is  lacking,  enough  should  be  procured 
to  leave  the  trench  surface  flush  with  the  rest  of  the  roadway. 

Occasionally  in  trenching,  it  is  advisable,  or  necessary,  to 
tunnel  under  certain  paving  or  structures.  These  tunnels 
usually  exist  in  connection  with  trenches  refilled  by  ramming 
or  puddling.  Ordinarilly  it  is  more  economical  to  break  down 
the  tunnel  roof,  than  to  refill  from  the  sides.  Of  course,  where 
structures  such  as  street  railroad  tracks,  with  concrete  road 
bed,  are  concerned,  breaking  down  is  not  the  right  course. 
PUDDLING. 

Fuddlii^  appeals  to  every  foreman  because  of  its  cheapness, 
and  should  be  practiced  wherever  the  conditions  are  favorable, 
vis.,  where  the  soil  is  of  the  right  kind,  and  there  is  no  danger 
of  water  soaking  into  cellars,  or  undermining  the  pipe. 
Puddling  in  a  street  made  of  filled  in  material,  may  cause  a 
general  sinking  of  the  street  surface.  In  built  up  sections, 
puddling  may  be  objectionable  because  of  the  chance  of  water 
getting  into  cable  conduits,  or  because  of  the  inability  to  pave 
at  once  upon  the  puddled  material. 

When  puddling  has  been  decided  on,  the  pipe  should  be 
covered  at  least  six  inches  by  well  rammed  earth  before  any 
water  is  let  in.    Also,  if  the  trench  has  over  5  per  cent,  grade. 


D.gnzed  by  Google 


8s 

the  first  ranuntng  should  reduce  the  grade  to  this  figure,  in 
order  to  prevent  any  wash  under  the  pipe  by  water  sinking 
through  the  loose  fill.  Dams  at  frequent  intervals  will  also 
serve  to  prevent  any  scouring  out  by  water  flowing  down  a 
grade,  and  in  any  case,  dams  would  be  necessary  to  confine  the 
water  to  each  terrace  made  by  the  first  ramming. 

The  preliminary  ramming  being  done,  the  trench  is  filled  to 
about  one  foot  of  the  surface,  and  then  water  turned  in. 
Usually  the  water  is  obtained  from  the  nearest  fire  hydrant, 
hydrant  keys  being  furnished  by  the  municipal  authorities, 
often  on  payment  of  an  annual  fee.  Care  should  always  be 
taken  to  avoid  injury  to  paving  by  the  flow  of  water  over  it. 
As  the  water  flows  along  the  ditch,  bars  are  hand  driven 
through  the  loose  material  into  the  rammed  earth  alongside 
the  pipe.  As  the  bars  are  driven  down,  they  are  swung 
around  in  a  circular  direction,  and  the  funnel  shaped  holes  so 
made  allow  much  water  to  soak  into  the  earth  around  the 
pipe  and  perhaps  carry  earth  to  fill  any  voids  under  the  pipe, 
but  there  is  no  chance  for  a  flow  of  water  rapid  enough  to 
affect  the  stability  of  the  pipe.  As  the  earth  sinks  under  the 
action  of  the  water,  more  earth  is  added,  especially  when 
needed  to  preserve  any  desired  channel  for  water  flow,  which 
is  not  stopped  until  the  earth  is  well  saturated  and  water  runs 
over  it  without  being  absorbed.  Then  the  remainder  of  the 
earth  is  thrown  in  and  lightly  rammed  into  a  slight  mound 
over  the  trench  surface.  Too  much  ramming  is  to  be  avoided, 
as  it  tends  to  produce  a  spongy  condition.  Too  much  water 
is  also  to  be  avoided,  as  tending  to  soften  the  bed  of  the 
trench,  causing  the  pipe  to  settle  and  to  make  the  refilled 
material  so  sc^gy  as  to  delay  repaving.  Ordinary  labor  cannot 
be  trusted  unwatched  on  work  of  this  nature. 

The  method  above  described  is  considered  preferable  to  the 
practice  sometimes  followed  of  thro\ying  in  all  the  earth  and 
digging  a  trench  in  the  centre  of  the  mound  for  the  water  to 
follow.  Such  a  procedure  leaves  no  dry  earth  to  finish  off 
the  trench. 
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Where  services  are  laid  in  connection  with  the  main  work, 
especial  care  should  be  given  to  the  repair  of  the  opening  made 
in  the  house  wall,  if  there  is  to  be  puddling  and  the  water 
line  will  be  higher  than  the  service  openii^.  Of  course,  the 
more  porous  the  soil,  the  more  reason  for  a  good  cement  coat- 
ing, both  on  outside  and  inside  of  wall.  Also,  a  dam  of  dirt 
should  be  thrown  across  every  service  trench  at  its  junction 
with  the  main  trench. 

LOOSE  FILLING. 

Naturally  the  largest  amount  of  main  work  will  consist  in 
extensions  to  the  existing  system,  made  necessary  by  new 
buildings  and  usually  such  extensions  are  laid  in  unpaved 
streets.  With  the  ordinary  size  main  and  an  interval  of  some 
months  elapsing  between  laying  and  pavii^,  there  can  be  no 
objection  to  loose  refilling  of  the  trench,  leaving  to  time  and 
street  traffic  the  gradual  consolidation  of  the  refill.  In  such 
unpaved  streets  there  are  always  many  trenches  beside  those 
made  for  gas  purposes,  and  the  roller  used  by  the  paving  com- 
pany is  relied  on  to  compact  the  entire  road-bed. 

The  surface  of  this  trench  after  a  loose  refill  is  that  of  a 
mound  perhaps  a  foot  high.  This  serves  as  a  warning  to 
wagons  to  keep  away.  It  is  incumbent  on  the  gas  company 
to  make  a  frequent  enough  inspection  of  the  trench  to  ensure 
the  prompt  filling  of  any  dangerous  holes  that  may  be  formed 
after  a  hard  rain.  Also,  a  certain  amount  of  trimming  of 
the  mounded  earth  may  be  required  from  time  to  time. 

CLEANING  UP. 

The  final  cleaning  ap  after  any  main  laying  job  can  only 
take  place  when  repaying  is  complete,  but  as  in  many  cases 
the  repaying  is  done  by  a  contractor;  such  cleaning  up  as  may 
be  done  before  repaying  and  by  the  company's  employees,  will 
be  treated  of  now. 

Almost  any  one  can  open  trench  and  instruct  and  dirty  a 
street  and  footway.  Few  contractors  on  street  work  ever 
clean  up  properly.    AH  gas  companies  should  see  to  it  that 
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the  natural  di^^ust  induced  in  the  occupants  of  any  street  at 
seeing  it  torn  up  is  followed  as  quickly  as  possible  by  a  feeling 
of  satisfaction  at  the  prompt  execution  of  the  work  and  the 
thorough  restoration  to  conditions  previously  existing.  A 
broom  and  sufRcient  buckets  of  water  are  aides  not  often 
enough  used  in  the  final  stages,  but  they  are  generally  needed 
to  do  justice  to  the  occupants'  property  in  the  removal  of  all 
earth  stains  on  the  house  fronts,  side  walks,  tree  trunks  and 
boxes,  grass,  etc. 

In  this  connection,  good  planning  of  a  job  to  be  sure  the 
difficult  portions  are  not  neglected,  will  do  wonders  to  make 
the  work  move  along  continuously  and  not  leave  any  gaps 
remaining  open  for  days  after  the  work  on  each  side  is  finished. 

REPAYING. 

GENERAL  CONSIDERATIONS. 
It  is  not  considered  advisable  to  describe  the  art  of  paving, 
and  this  not  only  because  it  would  add  to  the  length  of  a 
treatise  already  very  long,  but  also  because  many  companies 
find  it  advisable  to  contract  their  paving.  This  tendency  is 
increased  by  the  growing  prevalence  of  asphalt,  the  restora- 
tion of  which  by  the  company  is  out  of  the  question.  In  the 
old  days  when  cobble  and  rubble  were  alone  met  with,  a  few 
paving  tools  and  a  little  sand  were  the  only  equipment  needed 
to  enable  every  main  and  service  gai^  to  restore  their  own 
paving.  So  far  only  roadway  paving  has  been  in  mind.  A 
like  change  has  occurred  in  the  footway.  Cement  has  given 
place  to  bricks,  and  again  the  new  form  requires  more  skill 
and  equipment  in  its  restoration  than  did  the  old.  Therefore, 
as  has  been  said  before,  the  tendency  is  to  contract  out  the 
paving.  This  involves  more  lamping  of  trenches,  rather  more 
ofhce  work  in  connection  with  paving  bills,  and  possibly  more 
inspection  of  paving  work,  though  with  reliable  contractors 
their  work  need  not  require  any  more  attention  and  in^>ection 
than  would  company  paving.  By  inspection,  two  results  are 
obtained:     No  poor  work  is  allowed  to  remain,  as  an  annoy- 
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ance  to  the  public  and  a  bad  advertisement  for  the  company, 
and  no  dangerous  holes  may  exist  loi^  without  detection. 
As  the  details  of  an  inspection  system  will  vary  greatly  accord- 
ing to  local  conditions,  no  description  of  one  will  be  given 
here. 

ASPHALT. 

If  the  street  is  a  much  travelled  one,  it  is  advisable  to  leave 
the  trench  in  such  shape  that  it  may  be  driven  over  during  the 
interval  between  refilling  and  repaving.  This  condition  has  an 
added  advantage  that  it  dispenses  with  the  expense  of  lamp- 
ing the  trench.  When  the  material  has  practically  all  gone 
back,  the  concrete  of  the  base  (if  any)  shoidd  be  thrown  in 
on  top  of  the  earth,  and  then  the  asphalt  pieces  laid  down.  If 
the  pieces  have  been  well  cut,  a  very  good  job  can  be  made. 
In  some  cases  of  service  trenches  on  important  streets,  with 
extra  care  in  cutting  the  asphalt,  and  the  use  of  a  little  cement 
in  the  cracks  between  the  pieces,  a  very  fine  temporary  job 
results.  Again,  the  base  material  may  be  left  along  the  trench 
or  at  the  curb  in  piles  and  just  the  asphalt  laid  back,  or  the 
asphalt  may  be  left  piled  up  and  the  trench  surface  finished 
off  with  the  base  materials.  In  most  cases,  however,  it  is 
probably  true  that  the  surface  of  a  long  trench  cannot  eco- 
nomically be  made  safe  for  bicycles  or  motor  cycles,  and  if 
there  is  much  of  such  traffic,  it  would  be  necessary  to  lamp 
the  trench  until  repaving. 

In  order  to  ensure  prompt  repaving,  it  is  advis^le  to  pro- 
vide in  the  contract  for  decreased  prices  for  all  delayed  work. 
For  instance,  if  paving  is  supposed  to  be  laid  within  four  days 
of  receipt  of  notice,  seven-eighths  price  might  be  paid  for  pav- 
ing laid  five  days  after  notice,  three-quarters  price  six  days, 
etc.  Also,  the  use  of  concrete  base  under  all  asphalt,  whether 
the  original  paving  had  such  base  or  not,  will  result  in  a  grati- 
fying absence  of  settlement,  a  condition  always  glaringly 
apparent  in  asphalt. 

In  towns  without  any  asphalt  plant  it  will  generally  be 
satisfactory  to  the  municipal  authorities  to  substitute  a  cement 
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finish  on  a  concrete  base  for  any  asphalt  torn  up,  this  being 
regarded  as  temporary  repaying  only,  anJ  being  replaced  on 
the  first  occasion  that  asphalt  material  is  available. 

CONCRETE  BASE  PAVING. 

Most  modern  street  paving  is  laid  on  a  concrete  base,  and 
the  tendency  of  this  class  of  paving,  as  with  asphalt,  is  to 
intrust  its  restoration  to  a  contractor.  Usually  the  more  or 
less  broken  masses  of  concrete  form  the  surface  of  the  trench 
as  left  by  the  rolling  gang.  Whether  such  a  trench  will  need 
lamping  or  not  until  repaved  will  depend  on  its  location,  the 
compactness  of  its  top  surface,  the  amount  and  character  of 
traffic,  etc. 

ALL  OTHER  PAVING. 

Under  this  head  falls  vitrified  brick,  belgiaii  block,  cobble 
and  rubble,  all  on  sand  base.  Where  small  openings  only  are 
made  in  such  paving,  there  are  many  arguments  in  favor  of 
its  restoration  by  the  same  gang  that  did'  the  opening.  In 
other  words,  on  detached  service  or  lead  work,  the  ability  of 
the  gang  to  do  its  own  paving  will  save  all  lamping  cost,  as 
well  as  a  certain  constant  expense  entailed  by  unpaved  trenches, 
such  as  water  in  cellars.  Also,  it  is  possible  to  get  better 
paving  done  by  the  company's  men  than  by  the  contractor's. 
When  opening  in  a  street  requiring  sand  between  the  paving 
stones,  one  of  the  obligations  of  a  gas  company,  in  order  to 
ensure  a  good  job,  is  to  see  that  such  sand  is  actually  brushed 
in  between  the  stones  and  not  left  on  top  to  be  a  nuisance  on 
windy  days. 

As  a  rule,  however,  the  fact  that  much  of  the  paving  is 
better  contracted  for,  will  incline  the  average  company  to 
contract  for  all.  In  doii^  so  a  bigger  profit  is  often  paid  to 
the  contractor  than  is  realized,  until  it  is  found  by  experience 
how  cheaply,  with  proper  organization,  sand  base  (and  even 
concrete  base,  if  there  is  enough  of  it)  paving  can  be  done. 

Below  is  given  some  information  as  to  equipment  useful  in 
paving  work: 
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PAVING  SMALL  OPENINGS  AROUND  STOP 
BOXES,  ETC 
I  Light  push  cart  similar  to  a  plnmbcr'i  push  cart,  containing: 
I  Spoon  bar  t  Caulking  hammer 

I  Street  broom  i  Pick 

I  Small  galvaniied  bucket  i  Sharp  note  D-handle  ahovel 

I  6'  Cold  chisel  I  6'  Trowel 

I  Stop  box  cleaner  Cement,  sand  and  bricks 

I  Brick  hammer 

PAVING  SERVICE  AND  SHALL  MAIN  OPENINGS. 

1  One-horse  open  body  spring  wagon,  with  a  small  top  over  the  seat 

for  the  protection  of  the  men,  containing: 

2  Street  bars  i  Rake 

I  j'x4'  Mixing  board  i  Belgian  block  or  paving  rammer 

I  Street  broom  i  Dirt  rammer 

I  Dust  brush  i  Dot  roller  for  cement 

I  Galvanized  bucket  i  Seamer 

3  Cold  chisels  I  Flat  nose  D-handle  shovel 

I  Paver's  straight  edge  i  Sharp  nose  D-handle  shovel 

I  Curb  or  radius  edger  I  Sieve 

1  Wooden  float  i  Finishing  trowel 

2  Brick  hammers  i  4*  Trowel 
I  Caulking  hammer  i  ET  Trowel 

I  Concrete  knife  i  Uonkcy  wrench 

9  Picks  and  handles  Pavit^  supplies  such  as  cement, 

I  Pitchen  tool  brick  and  crushed  aton^  etc. 
a  Diamond  points 

This  equipment  is  sufBcienl  to  do,  on  a  small  scale,  all  lands  of 
paving  except  asphalt, 

PAVING  LARGE  MAIN  OPENINGS. 
For  extensive  paving  the  number  of  tools  listed  just  above  is 
increased  depending  upon  the  amount  of  paving  to  be  done. 

RECORDING. 

REASONS  FOR  RECORDS. 

A  knowledge  of  the  number  of  feet  of  each  size  of  pipe 

comprising  the  street  main  system  is  valuable  at  all  times,  and 

very  necessary  when  a  valuation  of  the  mains  is  required. 
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This  knowle<^,  subject  to  varying  degrees  of  error,  is 
possessed  by  every  company,  and  almost  always  presupposes 
the  possession  of  a  map  showing  the  location  of  the  mains  by 
sizes.  In  many  cases,  however,  not  only  is  there  great  un- 
certainty as  to  the  correctness  of  the  sizes  shown,  but  also  the 
location  as  measured  from  the  property  or  the  curb  line,  is 
either  wanting  or  incorrect.  This  lack  of  proper  records  is 
often  the  natural  consequence  of  the  fact  that  in  the  beginning 
the  location  and  size  of  every  main  was  easily  a  matter  of 
memory  for  the  few  employees.  As  the  system  grew  and  new 
employees  succeeded  the  old,  there  was  failure  to  transfer 
records  from  brains  to  paper.  Another  reason  for  lack  of 
records,  or  improper  ones,  is  carelessness  in  past  years  in  pre- 
serving and  entering  the  information  furnished  when  the  main 
was  laid. 

At  present  the  necessity  for  proper  street  main  j-ecords  is 
thoroughly  appreciated,  and  the  problem  has  been  solved  in 
many  different  ways,  depending  upon  differences  in  local  con- 
ditions and  in  the  human  equation.  In  what  follows,  will  be 
found  a  description  of  methods  of  which  experience  has 
proven  the  worth. 

SYSTEM  OF  RECORDS  FOR  NEW  MAINS. 

In  determinit^  the  character  of  requisite  street  main  records 
the  usual  condition  is  that  of  a  main  system  sadly  lackii^  in 
data  r^^rding  existing  mains,  and  therefore  needing  records 
of  maintenance  as  well  as  extension  work.  Before  consider- 
ing this  condition,  the  rarer  one  will  be  considered,  where  an 
entirely  new  main  system  is  being  installed  either  for  a  com- 
peting company,  or  for  the  first  company  in  any  locality. 
FIELD  RECORDS. 

For  the  field  record,  that  is,  the  one  taken  out  on  the  work, 
a  Transit  Book  is  very  convenient.  This  is  4>4"  x  7j^",  has 
about  sixty  leaves,  and  is  ruled  with  horizontal  and  vertical 
lines.  In  makii^  the  records,  a  zero  point  may  be  taken  at 
the  beginning  of  the  line,  and  all  locations  along  the  line  given 
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with  reference  to  this  zero.  For  long  lines,  especially  in  coun- 
try roads,  this  is  the  best  way,  and  it  is  also  very  convenient 
in  dty  streets.  Following  this  method,  once  the  proposed 
line  of  a  niain  has  been  measured  over,  and  the  position  of  all 
desired  points  of  reference  noted,  any  portion  of  the  main  as 
laid  can  be  quickly  shown  on  the  record,  no  matter  whether 
gaps  occur  or  not 

The  amount  of  record  that  will  be  needed  to  enable  the  main 
to  be  properly  located  on  a  map,  and  also  easily  found  where 
occasion  requires  uncovering,  will  depend  entirely  upon  the 
number  of  changes  occurring  in  depth  and  alignment.  Tht 
depth  to  top  of  pipe  and  the  distance  out  from  the  curb,  or 
property  line,  should  be  given  every  one  hundred  feet  when 
there  is  no  change,  and  where  the  dimension  is  changing,  at 
enough  points  to  define  the  line.  A  single  line  will  suflice  to 
show  thc'  pipe.  All  special  castings,  whether  branches  or 
bends,  should  be  accurately  located,  the  length  of  each  special 
being  considered  to  be  the  distance  between  the  faces  of  its 
bells,  where  it  has  two  bell  ends,  or  between  the  bell  of  adjoin- 
ing pipe  or  specials,  when  the  special  being  measured  has  two 
spigot  ends,  or  between  the  bell  of  the  special  and  the  bell  of 
the  adjoining  pipe  or  special,  where  the  special  being  measured 
has  one  bell  and  one  spigot  end.  A  bracket  mark,  "],"  at 
right  angles  to  the  length  of  the  pipe  is  an  easy  way  of  repre- 
senting the  face  of  every  bell,  the  horizontal  lines  extending 
away  from  the  face  of  the  bell. 

When  the  points  of  reference  along  the  main,  such  as  divid- 
ing property  lines,  intersecting  roads  or  streets,  etc.,  are  not  at 
right  angles  to  the  main,  these  points  should  be  located  by  their 
intersection  with  whatever  line  is  being  used  as  a  base  to 
measure  distances  at  right  angles  to  the  main ;  and  not  by  their 
intersection  with  the  main  itself. 

With  all  specials  thus  located  at  the  proper  distance  from 
the  assumed  zero  point,  the  amount  of  straight  pipe  laid  at 
any  moment,  may  be  easily  calculated,  and  in  some  cases,  this 
is  an  easier  way  of  getting  it  than  by  adding  up  a  series  of 
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figures  showing  the  work  day  by  day.  Any  portion  of  the  line, 
where  the  depth  is  changing  rapidly,  or  where  the  pipe  is  not 
parallel  to  the  reference  line,  must  be  measured  along  the  pipe 
itself,  and  such  measurement  recorded  and  used,  instead  of  the 
distance  as  measured  on  the  reference  line  between  the  stations 
marking  the  beginnii^  and  end  of  such  deviations  in  line  and 
depth. 

When  there  are  many  specials  in  dose  proximity,  which 
usually  means  many  changes  in  depth  and  alignment,  the  scale 
sufficing  for  the  ordinary  portions  of  the  line  will  prove  too 
small.  Therefore,  either  the  scale  ought  to  be  increased  at 
these  points  to  give  a  proper  sketch,  or  else  a  detail  sketch  on 
a  larger  scale  should  be  shown  elsewhere. 

While,  as  a  rule,  the  depths  would  indicate  which  way  the 
line  was  dripping,  at  the  same  time  it  is  surer  and  much  more 
convenient  for  purposes  of  permanent  record,  to  indicate  the 
direction  of  drippage  by  an  arrow,  parallel  to  the  line  and 
pointing  with  the  flow. 

A  record  of  other  structures  encountered  is  generally  of 
sufficient  value  to  warrant  the  slight  extra  work  so  involved. 
This  record  of  foreign  structures  increases  in  value  as  under- 
ground conditions  become  more  congested,  and  when  there  is 
another  gas  company,  whose  records  are  probably  not  very 
complete,  any  records  of  its  mains  are  apt  to  prove  very  useful, 
either  in  competition  or  consolidation.  Where  the  foreign 
structures  are  mains,  they  can  be  indicated  in  the  same  way  as 
the  main  being  laid,  though  probably  not  in  so  much  detail 
Where  they  are  conduits,  and  therefore  almost  invariably 
rectangular  in  section,  a  line  may  be  drawn  indicating  the 
nearest  upper  edge  to  the  main  being  laid.  This,  in  connection 
with  the  distance  from  the  centre  of  the  main,  the  breadth  and 
depth  of  "the  conduit,  and  depth  of  its  top  surface  below  the 
street  level,  locates  it  completely. 

It  is  of  value  to  indicate  on  the  record  the  date  on  which 
each  foot  of  main  is  laid.  This  is  very  easily  done  by  placing 
the  date  of  each  day's  work  between  arrow  heads,  located  at 
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the  proper  points.    Where,  for  any  reason,  the  work  is  quite 
discontinuotu,  this  graphical  record  of  dates  may  prove  quite 


valuable  as  a  history  of  progress  and  of  work  condition  from 
day  to  day. 

Fig.  23  shows  several  pages  of  a  Transit  Book  with  a  record 
made  out  according  to  the  ideas  above  given. 

REPORTS  TO  OFFICE. 

Where  the  company  is  a  small  one  no  work  progress  report 

to  the  office  is  needed,  as  the  information  can  be  obtained  by 
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an  inspection  of  the  field  book,  or  is  a  nutter  of  personal 
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Fig.  24.— Postal  Card  Progresa  Report. 
knowledge  with  the  main  foreman.    When  these  conditions  no 
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longer  obtain,  and  a  daily  or  weekly  report  is  needed,  a  form  as 
shown  in  Fig.  24,  should  be  used,  printed  on  a  postal  card 
where  mailing  is  necessary.  "Repaved"  shows  the  total  num- 
ber of  feet  repaved  to  date ;  "Back  Filled,"  what  has  been  filled 
but  not  repaved ;  "Pipe  Laid,"  the  amount  of  pipe  laid  where 
trench  has  not  been  refilled;  "Trench  Open,"  the  amount  open 
in  which  pipe  is  not  yet  laid ;  "Pipe  Strung,"  the  number  of 
feet  of  pipe  delivered  on  the  work  and  not  yet  laid.  This 
information  is  particularly  valuable  in  the  case  of  a  long  line, 
and  gives  the  office  a  clear  idea  of  what  the  physical  condition 
of  the  work  is  at  the  time  of  report. 

PERMANENT  RECORDS. 

The  best  form  of  permanent  records  for  the  conditions  we 
have  been  considering  all  along,  viz.,  an  entirely  new  system, 
will  depend  somewhat  upon  the  maps  and  their  scale  that  are 
available  for  the  streets  occupied.  For  all  large  and  many 
small  cities,  atlases  may  generally  be  obtained  with  plates 
whose  scale  varies  from  200  to  500  feet  to  the  inch.  There 
are  very  few  small  towns  for  which  maps  are  not  obtainable, 
and  in  the  country  there  are  usually  the  maps  of  the  Geological 
Survey  to  fall  back  on.  No  company  should  make  up  its  own 
map  except  as  a  last  resort,  for  map  work  easily  runs  into 
great  expense. 

On  the  map  a  line  will  indicate  by  its  color  the  size  and  gen- 
eral location  of  a  main,  but  the  scale  will  be  too  small  to  make 
it  advisable  to  indicate  specials,  drips  or  any  details  of  line. 
To  get  such  details,  h  different  set  of  records  is  wanted,  except 
indeed  in  companies  selling  say  less  than  fifty  millions  a  year, 
in  which  the  original  field  book  record  will,  with  the  map, 
supply  all  necessary  information.  When  the  field  book  is 
used,  the  map  should  indicate  field  book  number  and  page  con- 
tainii^;  the  record  of  every  block,  or  say  500-foot  section  of 
main.  In  this  way  an  inspection  of  the  map  shows  at  once 
where  to  go  for  the  detailed  record. 

When  the  field  book  information  is  transcribed,  the  desirable 
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unit  for  the  new  detailed  record  is  either  the  city  block,  or  for 
country  roads  for  lines  under  i,ooo  feet,  the  total  length  of 
main,  and  for  lines  over  i,ooo  feet,  some  fixed  distance,  such  a^ 
500  feet.  The  material  used  for  the  record  should  be  some- 
thing like  tracing  cloth,  or  thin  bond  paper,  from  which  blue 
prints  may  be  made  to  form  the  working  file,  while  the  originals 
themselves  are  kept  in  a  fire-proof  safe.  Each  sheet  should 
be  about  7"  x  18",  and  should  give  the  main  in  plan  and  in 
elevation,  and  be  a  faithful  transcript  of  the  field  record  in 
every  point  necessary  to  give  a  proper  idea  of  the  location  of 
the  pipe  and  of  other  structures  encountered.  The  drawing 
need  not  be  to  scale,  and  in  this  way  speed  may  be  gained  and 
more  space  given  to  points  on  the  line  where  many  specials 
were  used.  Each  sheet  should  be  numbered  and  the  various 
sheets  numerically  arranged  in  groups  of  one  hundred.  The 
general  map,  or  maps,  would  in  this  case  bear  the  proper  record 
numbers  opposite  each  block,  or  unit  distance.  Thus,  to  find 
any  detailed  record,  it  would  only  be  necessary  to  look  at  the 
map,  see  the  block  number,  and  turn  to  the  proper  group  of 
detailed  records,  where  in  its  numerical  order  would  be  found 
the  record  desired. 

When  there  is  much  occasion  to  refer  to  the  detailed  main 
records,  the  above  system  is  exceptionally  valuable,  because  of 
the  quickness  with  which  the  records  may  be  found.  Where, 
for  any  reason,  such  as  for  instance  to  locate  a  main  for  a 
service  gang,  it  is  necessary  to  send  a  record  on  the  street,  a 
convenient  way  is  to  make  a  rough  free  hand  sketch  on  3 
white  scratch  pad,  5J^"  x  8^-5',  in  triplicate,  by  means  of 
carbon  paper,  of  the  location  wanted,  give  all  three  the  number 
of  the  record  from  which  taken,  send  one  sketch  on  the  street, 
and  file  the  other  two  numerically.  The  service  man  should 
tie  instructed  to  return  the  sketch,  and  no  other  sketch  need 
ever  be  made  for  that  particular  location,  until  all  three  are 
lost,  or  worn  out. 

Where  the  record  may  be  needed  on  the  street  by  the  main 
foreman,  there  is,  of  course,  no  reason  why  the  proper  blue 
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print  should  not  go  out,  but  for  service  work  the  sketch  system 
is  preferable. 

SYSTEM  OF  RECORDS  FOR  NEW  AND  EXISTING 
MAINS. 

SMALL  COMPANY. 

Coming  now  to  the  condition  that  confronts  ihe  average  dis- 
tribution man,  vie,  a  main  system  that  is  being  enlarged  every 
year,  and  that  is  also  lacking  in  proper  records  of  many  exist- 
ing mains,  two  systems  of  records  could  be  used,  one  for  the 
new  mains  along  the  plan  already  described,  and  another  sys- 
tem for  the  old  mains,  the  exact  location  of  which  is  unknown. 
Where  the  company  is  selling  less  than  fifty  millions  annually, 
which  means  a  small  town  with  few  underground  structures 
and  few  specials  in  the  main  system,  one  of  the  most  con- 
venient and  easy  ways  to  record  information  of  old  mains,  as 
obtained  from  time  to  time,  and  to  collect  this  information  in 
a  convenient  shape,  from  which  to  make  a  graphical  record 
later  on,  is  by  the  use  of  the  book,  of  which  a  specimen  page 
is  shown  in  Fig,  25. 

The  book  was  written  up  for  every  street  on  which  mains 
were  known  to  be,  and  distances  shown  between  each  inter- 
secting street.  As  illustrated  "O"  is  the  east  fence  line  of  Erie, 
and  "202"  the  east  fence  line  of  Huron,  which  is  also  taken  as 
"O"  for  distances  in  the  next  block.  One  line  of  the  book  was 
allowed  for  every  25  feet,  and  any  work  done  on  a  main,  or 
information  gathered  by  uncovering  it,  was  entered  on  the 
proper  line  according  to  the  location.  Of  course,  if  there  were 
to  be  many  openings,  this  book  record  would  not  provide 
adequate  space,  and  therefore  it  is  only  recommended  under. 
the  conditions  already  described.  As  will  be  noted,  it  also 
affords  an  opportunity  for  recording  leaks. 

To  record  the  new  mains  of  the  small  company  just  con- 
sidered, the  field  book  record,  as  described  on  page  96,  with 
no  transcribing,  would  be  very  adequate. 
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LARGE  COMPANY. 
The  larger  the  mileage  of  mains,  the  more  argument  there 
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probably  is  for  the  use  of  one  system  of  records,  for  both  new 
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and  old  mains,  although  where,  as  is  very  often  the  case,  tlie 
greatest  amount  of  new  mains  are  laid  in  one  or  two  compara- 
tively restricted  areas  on  the  outskirts  of  a  growing  city,  there 
would  be  no  confusion  resulting  in  one  system  of  records  for 
these  new  mains,  and  another  system  for  all  others.  Going 
still  further,  it  is  quite  feasible  to  lay  all  new  mains  according 
to  the  field  book  system,  and  by  means  of  the  number  on  the 
general  main  map,  it  could  be  told  at  once  where  to  look  for 
any  particular  record.  The  presence  of  a  number  opposite 
the  block,  for  which  the  record  was  desired,  would  indicate 
that  such  record  was  made  according  to  the  field  book  system, 
and  would  be  found  as  a  blue  print  in  the  pile(  or  f.le)  indi- 
cated by  its  number.  The  absence  of  a  number  would  indicate 
that  the  record  was  on  a  sketch  card  (to  be  explained  later 
on)  and  would  be  found  in  the  proper  alphabetical  file. 

The  great  value  of  the  blue  print  record  lies  in  its  present- 
ing a  continuous  record  of  the  main,  but  it  does  not  lend 
itself  to  changing  conditions,  and  this  is  one  of  the  greatest 
objections  to  using  it  in  large  cities,  where,  apparently  for 
many  years  to  come,  the  installation  of  various  undei^ound 
structures,  especially  wire  conduits  with  their  attendant  man- 
holes, will  cause  many  changes  in  main  locations.  To  meet 
these  conditions,  the  system  of  records  used  in  Philadelphia, 
alike  for  new  and  for  old  mains,  has  proven  very  successful. 
Before  describing  it,  a  general  account  of  the  Philadelphia 
oi^anization  for  obtaining  records  is  advisable. 

SYSTEM  OF  RECORDS  IN  PHILADELPHIA. 
ORGANIZATION. 
There  is  a  Superintendent  of  Records  reporting  directly  to 
the  Engineer  of  Distribution.  Under  him  is  a  Chief  Drafts- 
man in  direct  charge  of  obtainii^,  mapping  and  filing  records, 
through  the  agency  of  street  clerks  and  draftsmen.  A  street 
clerk  is  usually  a  graduate  of  a  technical  college  or  institute. 
Upon  employment  he  is  first  put  to  work  in  the  Records 
Division  to  familiarize  himself  with  the  system  of  records,  one 
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of  his  duties  being  the  duplicating  of  records.  After  this 
inside  apprenticeship,  he  is  sent  out  to  recor-d  the  work  of  one 
or  more  street  main  gangs.  In  this  position  he  is  able  to 
learn  all  the  details  of  street  work,  and  to  qualify  for  the 
position  of  foreman  in  charge  of  main  or  service  work.  The 
position  of  street  clerk,  besides  serving  as  a  training  school 
for  future  foremen,  superintendents  and  managers,  allows  the 
gang  foreman  to  devote  his  entire  time  to  directing  his  men. 
When  the  foreman  is  held  responsible  for  his  main  records, 
either  the  records  or  the  work,  or  both,  are  apt  to  suffer. 

The  draftsmen  in  the  office,  post  upon  the  main  charts  the 
records  as  made  by  the  street  clerks,  and  also  furnish  various 
reports  needed  in  connection  with  main  work. 

Each  street  clerk  is  provided  with  the  following  equipment : 

I  45".  6*  angle  t  Holder   for  Daily  Progress 

1  6o°,  4'  angle,  for  field  book  Report 

I  Brass  plumb  bob  i  Black,  blue,  red,  brown,  green 

I  Note  book,  si^'xe",  100  leaves  and  yellow  drawing  ink 

I  Sketch  book,  4!4''x7^',  60  i  Set  of  instructions  to  street 

leaves  clerks 

J  Piece  of  yellow  chalk  i  Set  of  drawing  instruments 

Clips  and  fasteners  of  various  2  Ink  pads,  one  red  and  one  black 

kinds  I  3-H  lead  pencil 

I  Chalking  cord  i  Medium  lead  pencil 

I  Band  dater  i  6'  extension  rule 

1  Street  directory  i  Piece  of  soapstone 

I  Set  of  ink  eradicator  i  Set  of  rubber  stamps 

I  Combination   ink    and    pencil  t  y>'  metallic  tape 

eraser  Pens,  blotters,  printed  forms 

I  Draftman's  soft  pencil  eraser  and  other  stationery 

FIELD  RECORDS. 
A  field  record  is  made  of  all  openings.  A  standard  field 
sketch  is  shown  in  Fig.  26.  As  all  subsequent  records  depend 
upon  the  field  sketch,  the  measurements  are  carefully  taken 
and  clearly  plotted  in  every  detail.  Memory  is  not  relied  on  in 
any  way  for  information  necessary  for  the  final  record.  A 
3-H  pencil  only  is  used  for  this  field  work.  Each  sketch  is 
indexed  at  the  back  of  the  field  book,  alphabetically  by  its 
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Fig.  j6.-Field  Sketch. 
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street  name,  and  when  the  book  is  full  it  is  turned  into  the 
office  where  it  is  dated  and  numbered. 

In  making  field  sketches  the  following  points  are  observed  in 
connection  with  measurements : 

USE  OF  MEASURING  EQUIPMENT. 
Fig.  27  shows,  in  a  general  way,  the  application  and  use  of 
the  tape  line,  measuring  rule  and  plumb  bob.  The  tape  line 
is  drawn  sufficiently  taut  to  bring  it  to  a  straight  line,  but  is 
never  stretched,  and  as  much  as  possible  it  is  i>rotected  from 
the  weather.  If  it  becomes  wet  or  soiled,  it  is  dried  before 
winding  into  the  case.  Every  two  weeks  each  tape  is  tested 
for  length  against  a  steel  tape.  In  using  the  plumb  bob,  three 
trials  are  made  for  each  measurement  taken. 

measurements:  how  and  when  taken. 

Curb  lines  are  used  as  bases  of  reference  wherever  possible, 
otherwise  building  or  fence  lines,  car  tracks,  etc.  All  meas- 
urements at  right  angles  to  a  main  or  street  axis  (known  as 
"ordinate"  measurements),  are  taken  from  the  nearest  curbs 
and  measured  to  the  centre  of  the  main  from  the  outside  edge 
of  the  nearest  curb.  Ordinate  measurements  are  taken  at  all 
angle  points  in  the  line.  Ordinate  measurements  of  foreign 
structures  are  always  taken  with  reference  to  the  centre  of 
the  nearest  gas  main,  and  are  to  the  nearest  edge  of  rectangu- 
lar structures  and  to  the  centre  of  circular  structures.  Ordi- 
nate measurements  of  foreign  structures  with  reference  to 
curbs  are  not  ordinarily  taken. 

All  measurements  parallel  with  a  main  or  a  street  axis 
(known  as  "axial"  measurements)  are  taken  from  the  inter- 
section of  the  curb  serving  as  a  base  for  the  ordinate  measure- 
ments, with  the  intersection,  actual  or  produced,  of  the  nearest 
curb  of  the  nearest  intersecting  street.  Where  streets  intersect 
at  angles  other  than  right  angles,  measurements  are  taken  as 
shown  in  Fig.  28.  The  intersection  of  the  curb  lines  of  such 
angle  streets  is  obtained  by  the  crossii^  of  the  two  lines  of 
cord  extended  along  and  in  line  with  the  curbs  whose  inter- 
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Fig.  17.— Measuring  Equipment. 
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Fig,  28.— Measurements  at  Other  Than  Right  Angles. 
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section  is  desired;  or  by  using  a  chalk  line,  the  intersection 
may  be  found  with  the  aid  of  one  cord  only. 

All  depths  are  taken  vertically  from  the  top  of  the  street 
surface  to  the  top  of  all  structures.  Elevations  are  not  shown 
in  the  field  book  unless  the  structures  to  be  sketched  are  quite 
complicated,  as  it  is  thought  the  ordinary  plan  will  not  show 
conditions  clearly. 

Axial  measurements  on  branches  are  taken  from  the  inter- 
section of  the  axes  to  the  face  of  the  nearest  bell  in  all  three, 
or  four,  directions.  Axial  measurements  on  bends  are  taken 
for  each  angle  point  to  the  face  of  the  nearest  bell,  and  are 
measured  along  the  axis  of  the  bend.  Axial  measurements  on 
Y's  are  taken  from  the  intersection  of  the  axes  to  the  face  of 
the  nearest  bell  in  all  three  directions.  Bushings  are  counted 
as  being  one  inch  long,  and  caps  as  four  inches. 

Other  details  that  are  necessary  to  bear  in  mind  when  taking 
field  records  can  be  stated  to  better  advantage  when  describing 
how  the  permanent  records  are  made. 

REPORTS  TO  OFFICE. 
Each  day  the  street  clerk  makes  a  report  in  triplicate,  one 
for  the  office  in  the  district  in  which  he  is  working,  one  for 
the  Records  Division  and  one  for  himself.  This  report  is 
made  on  the  form  shown  in  Fig.  29.  The  form  is  self  ex- 
planatory, except  possibly  as  to  the  information  called  for  in 
the  lines  opposite  "Laid  or  Overhauled,  Valve,  Drip  Services, 
etc,"  In  these  cases  the  character  of  the  work  is  indicated  by 
drawing  a  line  throt^h  the  proper  significant  letter. 

PERMANENT  RECORDS. 
From  the  field  book  record  a  permanent  record,  known  as 
the  "sketch  record,"  is  made  on  the  form  shown  in  Fig.  30, 
whenever  any  pipe  is  laid,  or  old  pipe  uncovered,  of  which 
there  is  no  satisfactory  record.  This  form  as  well  as  Fig.  26 
is  quadrille  ruled,  not  shown  by  the  illustration.  Where  only 
a  few  feet  of  old  straight  pipe  is  uncovered  and  no  foreign 
structures,  the  record  is  made  on  the  form  shown  in  Fig.  31. 
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Fig.  30.— Sketch  Record  Data. 
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SKETCH  DETAILS. 

In  making  the  sketch  record.  Fig.  30,  the  following  details 
are  observed:  Nothing  is  drawn  to  scale,  but  all  of  the 
structures  are  shown  as  they  exist  relatively  lo  each  other. 
The  crossing  of  figures  with  lines  and  the  crowding  of  figures, 
notes  and  lines  are  carefully  avoided.  The  name  of  the  street 
in  which  most  of  the  work  is  done  is  given  at  the  top  of  the 
form.  The  North  Point  is  stamped  in  red  in  the  upper  left 
comer. 
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Fig.  31. —Main  Record  Card. 

In  general,  the  ruled  lines  of  the  record  card  are  used  in 
every  feasible  way,  and  when  possible,  the  centre  lines  are  used 
for  the  mains  to  be  sketched,  which  are  shown  by  lines  1/32" 
wide,  according  to  the  following  scheme: 

*Pipe  laid  in  new  work solid  red 

Existing  pipe  uncovered  solid  black 

Pipe  abandoned  solid  green 

Pipe  removed   broken  green 

Pipe  relaid  solid  red  overlaid  by 

broken  black 
•When  wrought  iron  pipe  is  used,  ihis  fact  is  stated. 
Foreign  structures  are  indicated  by  lines  1/32"  wide  and  the 
following  scheme  is  used : 
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Water  mains  solid  bine 

Conduits solid  yellow 

Manholes,  handholes,  sewers,  inlets  and 

house  drains   solid  brown 

A  separate  record  is  needed  where  manholes  enclose  mains. 

Where  a  foreign  structure  is  being  laid  at  the  same  time  as  a 
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Fig.  33.-Designatio 


>f  Curbs  and  Corners. 


gas  main,  but  is  not  actually  in  place  when  the  main  record 
is  taken,  its  approximate  location  is  shown  by  a  dashed  line 
of  appropriate  color.  Clearances  are  shown  in  red  and  give 
the  minimum  distances  between  the  main  itself  and  also  be- 
tween a  bell  and  any  foreign  structure. 
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Curbs  and  corners  as  they  exist  at  time  of  work  are  shown 
by  a  solid  black  line  1/32"  wide,  as  in  Fig.  32.  Building  and 
dimension  lines,  etc.,  are  shown  as  in  Fig.  33.  Telegraph  poles, 
lamp  posts,  fire  plugs  and  pier  lines,  when  needed  as  bases  for 
location,  are  shown  by  conventional  designs.  Figures  giving 
sizes,  dimensions,  covers,  etc.,  are  in  black  above  the  line  in- 
dicating the  main,  the  size  being  shown  at  right  angles  to  the 
main  to  avoid  confusion  with  dimension  and  location  figures. 
Solid  line  rubber  hand  stamps  are  used  to  designate  the  various 
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Fig,  33.— Building  and  Dimension  LincB. 

forms  of  bells  and  specials.  Reducers  are  shown  solid,  tapered 
to  indicate  change  in  size. 

When  pipe  or  specials,  are  only  partially  exposed,  the  record 
indicates  this.  Under  ordinary  conditions,  the  street  clerk 
does  not  leave  in  doubt  the  character  of  any  special  only 
partially  uncovered,  nor  the  relations  between  any  intersecting 
mains. 

Where  a  main  is  carried  through  the  air,  over  or  under  a 
bridge,  detailed  information  of  its  location  is  given.  Where  a 
new  bridge  is  being  laid,  a  working  plan  is  always  prepared 
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before  the  work  is  begun,  and  the  record  made  by  the  street 
clerk  serves  as  a  check  against  this  plan,  where  the  work  is 
carried  out  as  originally  intended,  or  records  any  difference 
between  execution  and  plan.  Where  an  existing  main  is  over- 
hauled, and  there  is  no  satisfactory  record  of  its  location  with 
relation  to  the  bridge,  the  street  clerk  secures  as  detailed  a 
record  as  may  be  consist^it  with  safety. 

Where  pipe  is  laid  above  ground  for  temporary  use  only,  but 
such  use  may  extend  over  several  months,  a  special  record  is 
made. 

Where  mains  cross  under  steam  railroad  tracks,  a  plan  is 
usually  prepared  in  advance  of  the  work,  and  the  record  as 
taken  shows  the  relation  between  the  tracks  and  the  main,  and 
serves  as  a  check  against  the  plan.  In  the  case  of  street  car 
tracks,  a  record  of  the  tracks  is  not  ordinarily  taken  where  the 
main  crosses  at  right  angles,  but  is  always  taken  where  the 
main  is  under  the  track  for  some  distance,  as  might  be  the  case 
if  the  main  lies  parallel  to  the  track,  or  crosses  under  switches. 

For  each  job,  in  addition  to  the  sketch  record  made  out 
according  to  the  foregoing  rules,  all  the  information  needed 
for  the  sketch  record  card  is  filled  out  on  the  reverse  of  this 
card,  which  is  shown  in  Fig.  34. 

Of  the  information  contained  in  the  sketch  record,  there  is 
transferred  to  the  proper  .main  chart  only  the  size  and  general 
location  of  the  main,  using  water  colors  for  easily  and  quickly 
washing  out,  thereby  preserving  the  surface  of  the  -chart. 
When  these  charts  are  on  a  scale  no  larger  than  200  feet  to 
the  inch,  it  is  a  mistake  to  indicate  on  them  any  details  as  to 
specials  except  the  use  of  fillets  to  denote  connections.  When 
the  charts  can  be  obtained  on  a  scale  of  50  feet  to  the  inch,  a 
fairly  complete  record  may  be  made,  but  the  same  lai^  scale 
that  makes  this  detailed  record  possible  allows  such  a  small 
extent  of  territory  to  be  shown  on  any  one  chart  that  experi- 
ence shows  the  charts  on  a  smaller  scale  are  used  for  ascer- 
taining the  mains  in  any  particular  r^ion,  while  the  sketch 
records   must  usually  be  resorted   to   for  certain   necessary 
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Fig.  34.— Sketch  Record  Card, 
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details  which  even  a  scale  of  50  feet  to  the  inch  cannot  show, 
and  therefore  the  limited  use  of  such  a  chart  does  not  warrant 
the  expense  of  preparing  it. 

The  sketch  records  for  the  work  of  the  current  month  are 
filed  until  the  end  of  the  month  in  a  special  file.  After  the 
end  of  the  month,  when  the  monthly  work  has  been  properly 
recorded,  the  sketch  records  are  transferred  to  the  permanent 
file,  where  the  arrangement  is  alphabetical  by  street  names,  all 
records  for  the  same  street  being  filed  by  street  number.  In 
order  to  make  this  filing  by  number  possible,  a  hypothetical 
number  is  assigned  to  every  record.  Where  the  work  involves 
only  a  street  intersection,  or  an  intersection  and  more  or  less 
work  beyond  the  intersection  in  the  direction  in  which  the 
street  is  numbered,  the  hypothetical  number  assigned  is  the 
highest  number  belonging  to  the  intersection  on  the  proper 
side  of  the  street.  Where  the  work  does  not  involve  an  inter- 
section, or,  if  involving  an  intersection,  extends  beyond  it  in 
the  opposite  direction  to  the  numbering,  the  number  assigned 
is  the  lowest  one  belonging  to  any  building,  or  lot,  on  the  same 
side  of  the  street  as  the  work,  and  in  front  of  which  the  worit 
is  done. 

When  a  record  embraces  in  part,  or  entirely,  the  same  extent 
of  main  covered  by  a  previous  record,  it  is  filed  behind  the 
earlier  record.  Where  mains  are  frequently  changed,  it  often 
happens  that  a  true  idea  of  the  exact  main  location  in  any  one 
block,  or  at  any  one  intersection,  can  only  be  obtained  by 
reference  notes  and  by  spreading  out  several  sketch  records 
made  at  various  times,  and  noticing  carefully  how  the  later 
records  make  partial  changes  in  the  earlier  ones.  In  this  way 
the  very  state  of  affairs,  vis.,  great  activity  in  the  installation 
of  underground  structures,  that  renders  advisable  the  adoption 
of  the  sketch  record  system,  as  opposed  to  the  "blue  print" 
record,  previously  described,  because  of  the  greater  ease  with 
which  small  changes  may  be  shown  by  means  of  the  sketch 
record,  sometimes  produces  so  many  sketch  records  relating 
to  one  block,  or  intersection,  that  it  becomes  advisable  to  make 
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what  is  called  a  "composite"  record.  This  shows  in  one 
record,  the  block,  or  intersection,  as  it  is  at  the  time  of  making 
the  record,  and  until  the  future  brings  new  changes,  the  com- 
posite record  is  the  only  one  that  is  consulted. 

BRIDGE  MAINS. 
REASONS  FOR  BRIDGE  MAINS. 

Until  recent  years  there  were  no  bridges  in  territories  pro- 
vided with  gas  mains,  except  where  such  territory  was  divided 
by  a  body  of  water.  In  many  instances,  the  stream  spanned 
was  navigable,  and  the  resultant  draw-bri(^e  was  of  no  use  as 
a  pipe  support.  Where  the  bridge  was  a  fixed  one,  or  where 
the  approaches  to  a  draw-bridge  extended  over  a  long  stretch 
of  land,  marshy  or  otherwise  unfavorable  for  main  laying,  in 
the  former  case,  the  whole  bridge,  and  in  the  latter,  the 
approaches,  have  been  welcomed  as  a  means  of  facilitating  the 
conveyance  of  gas  across  the  water. 

With  the  growing  abolition  of  grade  crossings  of  steam  rail- 
roads, within  the  limits  of  towns  and  cities,  has  come  a  great 
increase  in  bribes,  of  which  a  respectable  proportion  carry  the 
street  over  the  railroad.  If  it  is  necessary  or  desirable  to 
convey  gas  across  the  railroad  at  any  one  of  these  bridges,  the 
choice  lies  between  crossing  on  the  bridge,  or  laying  under  the 
tracks.  The  latter  alternative  is  usually  undesirable  for  sev- 
eral reasons,  of  which  the  two  principal  ones  are  as  follows: 
First,  the  objection  of  the  railroad  company,  which  desires  to 
reduce  to  a  minimum  any  work  by  outside  persons,  in  any  way 
affecting  the  roadbed.  If  the  right  of  way  at  the  point  of 
crossing  is  owned  in  fee  simple,  permissibn  to  cross  will  be 
given  only  on  condition  of  removal  on  specified  notice.  This, 
of  course,  is  not  a  condition  that  the  gas  company  cares  to 
accept.  In  every  case  the  lailroad  must  be  held  harmless  for 
any  dam^e  resulting  from  the  installation  or  presence  of  the 
main ;  second,  the  increased  expense  of  installation  and  main- 
tenance. As  a  rule,  a  crossing  under  the  tracks  will  mean  a 
long  stretch  of  deep  main  on  each  side  of  the  bridge,  or  else 
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two  vertical  legs,  each  about  twenty  feet,  either  underground 
back  of  the  abutment  waits,  or  exposed  on  the  side  (usually) 
of  these  walls.  Invariably  the  amount  of  pipe  used  and  its 
depth  will  be  greater  than  if  the  location  is  upon  the  bridge. 
From  what  has  already  been  said,  it  will  be  seen  that  the 
choice  will  generally  be  for  the  brit^e  crossing,  whether  over 
and  obstacles,  principally  railroads,  or  over  water.  The  dis- 
advantages connected  with  a  bridge  main  will  be  considered  as 
the  subject  is  developed. 

LOCATION  OF  MAINS. 

When  installing  a  bridge  main,  the  first  point  to  be  con- 
sidered, viz.,  the  necessary  permission,  is  often  inter-related 
with  the  second,  the  location.  Bridges  are  generally  owned  by 
the  public  authorities,  but  sometimes  the  railroad  is  joint 
owner.  Unless  the  addition  of  extra  weight  is  considered 
dangerous,  permission  to  lay  is  seldom  refused,  but  the  public 
authorities  are  often  very  much  opposed  to  any  location  where 
the  main  will  be  in  evidence.  Generally  such  a  prohibition 
means  a  location  below  the  floor  line,  and  entails  extra  expense 
in  installation  and  in  maintenance,  and  occasionally  where  the 
bridge  is  over  railroad  tracks,  and  the  head  room  is  limited, 
the  railroad  company  interposes  with  the  provision  that  this 
head  room  be  not  decreased  in  any  way  by  the  proposed  main. 
The  exact  point  at  which  any  prescribed  location  becomes  so 
disadvantageous  as  to  prevent  the  bridge  main  altogether,  will, 
of  course,  depend  entirely  upon  local  conditions.  There  are, 
however,  some  general  principles  as  to  location  which  apply 
universally. 

Where  the  main  girders  carrying  the  bri(%e,  also  separate 
the  roadway  from  the  footway,  a  location  on  the  top  of  such  a 
girder  is  ideal.  Next  in  point  of  desirability,  would  be  on  the 
bridge  floor  itself,  in  a  corner  of  the  roadway  or  (preferably) 
the  footway.  Blocks  of  concave  top,  fitting  the  main,  should 
raise  it  one  inch  above  girder,  or  floor,  and  a  ^ard  timber 
should  protect  a  roadway  floor  main. 
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If  there  is  no  location  available  above  the  floor  line  and 
within  the  bridge  lines,  laying  along  side  of  the  bridge  is 
usually  preferable  to  layii^  underneath  it.  Often  by  attaching 
brackets  to  the  outside  girder,  the  main  can  be  laid  just  outside 
the  footway  railing,  with  the  bottom  of  the  main  about  the  floor 
level.  If  the  girder  carrying  the  footway,  is  deemed  too  light 
for  additional  weight,  attachment  may  be  made  to  the  girder  at 
the  side  of  the  roadway.  This  will  bring  the  main  under  the 
footway. 

There  may  be  instances  where  the  only  possible  location  is 
under  the  main  floor  of  the  bridge.  At  the  present  time,  most 
of  the  new  metal  bridges  crossing  over  railroads  are  protected 
over  their  whole  bottom  from  the  action  of  the  locomotive 
gases  by  a  tight  wooden  sheathing.  Only  as  a  very  last  resort 
should  a  pipe  be  laid  in  between  such  sheathing  and  the  bridge 
floor.  So  laid,  it  will  at  all  times  be  most  inaccessible  for 
examination  and  painting,  will  be  exposed  to  many  corroding 
influences  and  escaping  gas  will  be  both  hard  to  detect  and  a 
great  source  of  danger,  forming  as  it  will  an  explosive  mixture 
inside  the  sheathing.  Where  there  is  no  sheathing  the  choice 
of  location  under  the  bridge  will  be  determined  by  giving  proper 
consideration  to  the  various  elements  of  first  cost,  maintenance 
cost,  etc.,  that  may  enter  into  the  case. 

Where  the  location  is  under  the  bridge,  provision  should  be 
made  at  time  of  installation,  for  a  future  means  of  ready  in- 
spection. This  generally  means  building  a  platform  under  the 
pipe,  or  leaving  hangers  in  which  boards  may  readily  be  slipped 
at  any  time. 

So  far  the  types  of  bridges  in  mind  have  been  those  com- 
posed mainly  of  metal  or  wood.  The  advent  of  re-inforced 
concrete  has  brought  the  concrete  arch  brieve  into  the  field. 
With  it,  location  above  the  bridge  floor,  or  along  the  bridge 
sides,  is  usually  prohibited  on  the  score  of  spoiling  the  artistic 
effect  Location  under  the  bridge  in  the  few  cases  where  head 
room  was  sufllicient,  would  mean  a  small  stretch  of  main  ex- 
posed in  an  inaccessible  place,  with  most  of  the  pipe  buried  in 
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the  sides  of  the  bridge  arch.  This  location  also  pre-supposes  the 
laying  of  the  pipe  while  the  bridge  is  being  built,  for  it  is  not 
probable  that  pennission  would  be  given  to  tear  apart  any 
existing  bridge.  In  most  cases,  there  should  be  no  hesitation 
in  letting  the  pipe  be  entirely  built  into  the  bridge,  its  location 
being  usually  as  low  as  allowable  without  exposure  on  the 
underside  of  the  arch,  in  order  to  avoid  contact  with  the  cinder 
base  of  the  bridge  surface.  If  a  leak  should  develop  at  a  pipe 
joint  there  is  little  chance  of  gas  finding  a  way  out  through  the 
concrete.  In  fact,  in  a  concrete  bridge,  it  is  well  worth  con- 
sidering where  the  length  is  great  and  the  saving  would  be 
considerable,  whether  a  cylindrical  pass^e  formed  in  the  con- 
crete would  not  suffice. 

PROVISIONS  FOR  MAINS  WHEN  DESIGNING 
BRIDGE. 
Except  in  discussing  the  concrete  bridge,  no  distinction  has 
been  made  between  a  bridge  that  has  been  built  without  any 
reference  to  the  need  for  laying  mains  on  it,  and  a  bridge  de- 
signed after  ascertaining  what  necessary  provision  should  be 
made  for  pipe  crossings.  There  is  little  excuse  for  any  com- 
pany that  allows  the  erection  of  a  bridge,  on  which  there  is  a 
present,  or  possible  future  need  for  a  main,  without  making  an 
attempt  to  have  the  location  of  the  main  previously  settled. 
Probably  in  all  large  cities  the  official  in  charge  of  bridge  work 
notifies  the  company  of  each  bridge  planned  and  asks  them 
to  stale  their  needs  as  to  pipe  crossings,  and  to  consult  with  him 
as  to  location.  In  any  locality  in  default  of  such  notice,  it  is 
very  easy  to  have  a  knowledge  of  all  proposed  bridges. 

.Where  the  main  location  is  to  be  alongside,  or  under  the 
bridge,  the  work  of  laying  can  be  greatly  cheapened  by  suitable 
openings  left  in  any  masonry,  and  sometimes  by  holes  drilled 
in,  or  brackets  fastened  to  a  girder,  before  it  is  put  in  place. 
A  good  plan  in  regard  to  the  openings  in  masonry,  is  to  have 
the  specifications  state  that  the  contractor  will  place  thimbles  at 
places  designated  by  the  plan,  these  thimbles  to  be  furnished  by 
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the  compauy.  In  this  way  the  company  is  bound  to  know 
where  the  thimbles  are  to  be  placed,  and  their  cost  is  in- 
significant, consisting  as  they  usually  do  of  spigot  pieces  of  cast 
iron  pipe  of  a  size  just  large  enough  to  permit  the  insertion  of 
the  bell  of  the  size  of  pipe  being  laid- 

DESIGN  OF  MAINS. 
MATERIAL. 
Ordinary  cast  iron  pipe  with  lead  joints  will  probably  need 
frequent  re-caulking,  due  to  vibration  of  wood  or  metal 
bridges,  and  also  to  temperature  changes  in  exposed  pipe.  With 
cement  joints  in  sizes  12"  or  under,  vibration  would  probably 
not  cause  leaks,  but  temperature  changes  probably  would,  and 
in  larger  sizes, both  vibration  and  temperatures  might  be  sources 
of  trouble.  Where  cast  iron  is  buried  in  a  concrete  bridge,  it 
is  perfectly  satisfactory,  but  the  thickness  of  the  bridge  at  the 
arch  crown  may  be  so  slight  that  the  lesser  diameter  of  a 
wrought  iron  joint,  as  compared  with  a  cast  iron  bell,  makes 
wrought  iron  pipe  preferable  for  the  concrete  bridge,  as  it  cer- 
tainly is  for  the  wood,  or  metal  bridge.  On  the  latter,  the 
saving  in  space  and  weight  afforded  by  wrought  iron  is  quite 
desirable.  Also,  in  the  case  of  under  floor  locations,  the  fewer 
joints  and  lessened  chances  for  leaks  are  important  points. 

JOINTS. 

RUBBER. 

For  mains  6",  or  under,  in  size,  the  ordinary  form  of 
screw  coupling  is  advisable.  For  8"  possibly,  and  for  12" 
and  over  certainly,  a  rubber  or  asbestos  joint  with  plain  end 
pipe  should  be  used.  As  compared  with  screw  pipe,  there  will 
be  a  saving  in  first  cost  (always  in  labor  and  often  in  material) 
and  in  maintenance,  for,  as  each  joint  acts  as  an  expansion 
joint,  temperature  changes  bring  no  strain  on  the  line,  and 
there  should  be  no  leaks. 

SCREW. 

Where  screw  joints  are  used,  an  expansion  joint  of  some 
kind   is   advisable,   one    for   one   hundred    feet   of    exposed 


D.gnzed  by  Google 


pipe.  Where  there  is  only  one  expansion  joint,  it  should  be 
located  in  the  centre  of  the  line;  where  more  than  one,  they 
should  be  equally  spaced. 

Each  expansion  joint  should  be  firmly  secured  to  the  bridge, 
in  order  to  prevent  any  chance  of  one  joint  taking  up  all  the 
movement.  At  the  ends  of  the  line,  where  the  wrought  iron 
joins  the  cast  iron,  (usually  just  before  the  main  goes  under- 
ground) it  is  often  easy  so  to  locate  the  necessary  specials, 
that  any  thrust  or  pull  will  be  taken  up  by  a  swing  joint  effect. 

SIZE. 

The  size  of  the  bri<^e  main  is  ordinarily  that  of  the  under- 
ground main  on  either  side.  However,  in  cold  climates,  it  is 
probably  a  mistake  to  lay  smaller  than  4',  and  in  many  cases, 
smaller  than  6".  Also,  if  the  region  supplied  is  a  growing  one, 
or  of  large  extent,  the  bridge  main  should  be  large  enough  to 
care  for  future  growth,  especially  if  the  location  is  such  that 
replacement  would  be  difficult. 

The  above  applies  where  the  main  is  of  moderate  size,  say 
12"  and  under.  Above  12",  it  might  often  be  true  that  the  size 
of  the  main  very  largely  added  to  the  expense  of  the  job.  If 
this  is  the  case,  it  will  often  prove  good  practice  to  make  the 
bridge  main  smaller  than  the  pipe  to  which  it  connects.  To 
what  extent  this  diminution  in  size  is  advisable,  will  depend 
upon  the  special  conditions  in  each  case,  one  of  the  important 
factors  being  the  length  of  the  bridge,  and  another  the  demand 
for  gas  during  the  peak  load. 

One  way  of  avoidii^  the  use  of  very  large  pipe  on  a  bridge, 
when  the  size  m  itself  is  the  objection,  is  by  laying  two  or  more 
mains.  A  case  in  mind  is  where  a  concrete  arch  bridge  was 
built  over  a  single  track  steam  railroad,  well  in  advance  of  any 
development  on  the  street  which  the  bridge  served,  or  in  the 
general  neighborhood.  Future  plans  for  the  locality  called  for 
a  20"  main  on  the  street.  When  the  city  authorities  asked  what 
provisions  should  be  made  for  a  gas  main,  it  was  soon  found 
that  the  minimum  depth  over  the  arch  would  not  permit  of 
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larger  than  a  12"  wroi^ht  iron  pipe.  Neither  could  permission 
be  obtained  to  lay  alongside  or  on  top  of  the  bridge.  To  go 
under  the  railroad  was  not  advisable.  Therefore,  the  decision 
made  was  to  bury  two  12"  wrought  iron  pipes  side  by  side  in 
the  concrete  of  the  bridge.  They,  of  course,  will  not  give  the 
capacity  of  a  20",  but  the  bridge  is  less  than  80  feet  in  length, 
and  the  day  when  the  20'  capacity  may  be  needed  is  so  far 
ahead,  that  a  third  12"  pipe  did  not  seem  justified. 

Except  where  required  for  real,  or  assumed,  artistic  rea- 
sons, because  of  protection  from  gases  of  combustion,  or  be- 
cause of  severe  cold,  it  is  not  advisable  to  enclose  the  main,  but 
instead  it  should  be  painted  with  red  lead,  covered  with  a  quiet 
color.  A  wrought  iron  pipe  kept  well  painted  is  bound  to  be 
less  conspicuous  and  take  less  room,  than  the  same  pipe  boxed. 
A  cast  iron  pipe  with  its  large  bells  does  not  present  a  neat 
appearance.  A  box  around  the  main  on  the  floor,  or  side,  of 
a  bridge  is  a  great  collector  of  dirt,  and  corrosion  will  progress 
faster  on  a  main  covered  by  the  ordinary  box  than  if.  bare. 
Any  covering  over  the  pipe  also  renders  any  inspection  much 
more  difficult,  and  any  escape  of  gas  more  dangerous.  How- 
ever, there  are  cases  where  at  least  a  wooden  shidd  under  the 
main,  to  protect  it  from  the  direct  impact  of  the  gases  from 
locomotive  or  boat  stacks,  is  quite  necessary. 

As  to  the  question  of  protection  from  cold,  in  the  old  days 
when  a  6"  was  a  large  main,  a  time  honored  rule  was  to  make 
the  pipe  rising  out  of  the  ground,  and  going  over  the  bridge  at 
least  a  size  larger  than  the  underground  pipe.  In  these  days 
of  large  mains,  it  is  safe  to  say  that  no  such  practice  need  be 
followed  for  latitudes  south  of  New  York  City.  In  Philadel- 
phia, the  few  cases  of  exposed  mains  stopped  by  frost  have 
been  confined  to  3"  pipe.  Where  the  climate  is  severe  enough 
to  warrant  the  enlarging  of  pipe,  then  also  the  question  of  pro- 
tecting all  exposed  pipe  needs  to  be  considered.  Whatever 
form  of  covering  is  adopted,  great  care  should  be  exercised  to 
make  it  water-tight,  not  only  to  keep  the  insulating  efficiency 
high,  but  also  to  prevent  corrosion.     A  good  quality  of  canvas. 
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kept  well  painted,  will  especially,  when  space  is  limited,  form 
an  excellent  water-proof  cover, 

INSPECTION  OF  MAINS. 
All  bridge  mains  being  more  liable  than  the  underground 
piping  to  injury  from  atmospheric  and  other  external  causes, 
should  receive  a  periodical  and  careful  inspection  for  condition, 
in  addition  to  the  prefunctory  inspection  given  to  them  by  the 
line-walker  from  time  to  time.  This  careful  inspection  should 
be  at  least  yearly,  and  a  good  time  is  during  the  fall  months,  to 
ensure  that  everything  will  be  ail  right  for  winter.  The  in- 
spection will  usually  disclose  the.  necessity  for  repainting,  for 
minor  repairs  to  platforms  and  coverings,  and  in  the  case  of 
cast  iron  pipe  may  mean  a  resetting  of  many  of  the  joints. 
Where  pipe  is  exposed  to  the  action  of  combustion  gases,  it  is 
also  well  to  attempt  to  form  an  idea  of  how  fast  corrosion 
may  be  proceeding.  A  12"  cast  iron  pipe  exposed  under  a 
bridge  crossing  many  busy  railroad  tracks,  was  found  on  re- 
moval to  have  in  many  places  less  than  }4'  of  metal  left. 

The  Chairman  ;  Gentlemen,  the  paper  is  now  open  for 
discussion,  and  I  trust  we  will  have  a  very  full  and  complete 
discussion.  I  would  like  to  suggest  when  you  rise  to  discuss 
the  paper  that  you  kindly  give  us  your  name  so  that  we  can 
make  our  records  complete. 

Mr.  J.  D.  Shattuck  (Chester,  Pa.) :  It  is  pretty  hard  to 
discuss  a  paper  that  is  so  well  prepared  in  the  first  place.  This 
paper  presents  good  standard  practice  thoroughly  and  1  want 
to  comment  only  on  one  or  two  features : 

First,  cement  joints.  There  is  a  feeling  amongst  many  of 
us  that  cement  joints  are  difficult  to  be  made  tight.  I  believe 
the  tightness  is  largely  a  personal  equation,  varying  in  the  size 
of  pipe ;  8  inches  and  under  there  is  little  trouble  to  make 
joints  tight. 

I  put  in  one  system  of  27  miles  of  8  inches  and  smaller 
12  years  ago  and  have  never  had  a  leak  or  break.  I  have 
a  mile  of  24  inches  that  has  remained  tight.    Since  this  paper 
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was  written  I  have  had  a  i6-inch  line  gone  over  carefully 
which  was  laid  lO  years  ago  and  found  but  few  small  leaks 
and  these  I  do  not  believe  would  have  caused  damage  to  trees 
or  would  have  reached  the  surface  of  the  ground.  I  believe 
that  cement  joints  can  be  made  tight  if  the  temperature  of  the 
joint  is  kept  absolutely  constant  until  the  cement  has  taken  its 
initial  set.  The  larger  the  pipe  the  more  necessary  it  is  to 
maintain  this  constant  temperature. 

I  am  passing  around  a  photograph  taken  of  one  joint  which 
shows  that  the  joint  has  pulled  nearly  one-quarter  of  an  inch, 
strange  to  say  this  joint  was  found  tight;  the  joint  was  ap- 
parently held  by  the  cement  soaked  yarn, 

Mr,  Forstall  describes  the  derrick  that  he  has  used  in  laying 
pipe.  I  designed  a  derrick  illustrated  in  the  American  Gas 
Light  Association  Proceedings  of  1898  that  I  believe  is  better 
for  large  work,  it  requires  less  labor.  This  derrick  consists  of 
2  A  frames  built  of  angle  iron  with  an  I  beam  connecting  them 
on  which  runs  a  trolley  with  a  chain  hoist.  The  derrick  has 
a  small  roller  under  each  leg.  Planks  are  used  under  the  der- 
rick wheels  alongside  the  trench.  The  derrick  is  easily  moved 
and  easily  set  up  on  the  job,  and  after  the  pipe  is  rolled  in 
position  across  the  trench  the  derrick  can  readily  pick  it  up 
and  move  it  the  entire  length  of  12  feet,  which  generally 
means  that  the  pipe  can  be  placed  home  without  any  shifting 
of  the  derrick.  Three  men  can  place  the  pipe ;  one  man  steer- 
ing the  pipe  in  front,  another  to  operate  the  chain  hoist,  and 
the  third  entering  spigot  in  the  last  bell,  leaving  the  balance 
of  the  pipe  gang  to  roll  another  pipe  in  position. 

I  would  like  to  know  if  anybody  has  had  any  experience 
with  tamping  machines?  There  is  a  new  machine  which  I 
have  seen  described  recently  and  I  understand  it  is  being  used 
with  good  results. 

Mr.  G.  I.  Vincent  (Des  Moines,  Iowa)  :  In  the  first 
place  I  would  like  to  express  my  admiration  of  the  general 
excellence  of  this  paper  and  of  the  care  that  has  been  taken 
to  include  so  much  minute,  yet  important  detail. 
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On  page  3  the  division  between  large  and  small  mains  is 
admirable :  that  is,  calling  all  12-inch  or  under  small,  and  16- 
inch  and  over  large.  The  differences  between  the  laying  of 
the  small  and  large  mains  are  very  many  and  experience  has 
shown  that  some  division  is  necessary  and  the  division  sug- 
gested is  undoubtedly  the  most  satisfactory. 

In  the  organization  of  the  main  laying  gang,  the  time  of 
one  experienced  man  can  be  saved  where  piece  work  can  be 
used  in  ditching.  No  supervision  of  the  ditching  is  then 
required,  except  the  laying  out  of  the  line  and  the  inspection 
of  the  final  ditch  bottom. 

Commenting  on  the  service  cart  on  page  11,  I  believe  that 
the  day  of  such  heavy  construction  has  gone  by.  A  light  cart 
constructed  of  very  light  galvanized  steel  angles  and  galvan- 
ized iron  can  be  designed  to  take  the  place  of  the  heavy  cart. 
This  will  hold  all  tools  required  and  is  so  light  that  even  when 
loaded  can  be  wheeled  over  unpaved  streets  by  three  men. 
The  problem  of  transportation  in  the  distribution  of  a  gas 
company  is  very  important,  not  only  in  its  own  first  cost,  but 
also  through  its  intimate  connection  with  all  other  work. 
This  is  particularly  true  in  scattered  territory.  Anything  we 
can  do  to  facilitate  transportation  is  an  obvious  advantage. 
Incidentally  the  small  cart  designed  especially  for  its  par- 
ticular use  and  contents,  allows  no  place  for  the  accumulation 
of  junk. 

After  considerable  experimenting  I  have  discarded  the  type 
of  asphalt  cutter  shown  "A"  on  page  16  and  substituted 
for  it  the  heavy,  wide  faced  chisel  held  with  special  tongs  and 
struck  with  heavy  sledges.  This  method  is  as  cheap  as  the 
asphalt  cutter,  makes  a  much  narrower  cut  in  the  asphalt  and 
avoids  the  flying  chips.  Particularly  for  small  sections  this 
method  is  useful  as  the  cut  is  so  small  that  it  can  be  readily 
filled  with  cement  when  the  piece  of  asphalt  is  laid  back,  and 
temporary  paving  results  almost  as  good  as  new. 

I  would  like  to  have  seen  in  the  paper  more  discussion  of 
cutting  through  frozen  ground.    There  is  considerable  litera- 
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ture  on  methods  of  excavating  through  frost  but  I  do  not 
know  of  any  best  method.  It  is  an  important  matter  where 
excavations  have  to  be  made  through  four  or  five  feet  of 
frost 

Nothing  is  said  of  the  best  type  of  protection  to  be  used  in 
blasting,  such  as  mattresses,  heavy  timbers  or  combinations. 

The  four-leg  derrick,  shown  on  page  28,  is  not  as  useful, 
I  believe,  as  the  three-leg  type.  Also  there  does  not  appear 
to  be  any  ratchet  or  brake  in  the  derrick,  nor  are  the  gears 
guarded  to  prevent  fingers  or  hands  from  being  caught.  Also 
I  believe  that  wheels  are  better  than  cranks  for  winding.  Two 
light  wagon  wheels  are  satisfactory.  Not  only  are  they  as 
easy  to  operate  but  they  are  far  safer  if  the  load  gets  away 
as  there  are  no  flying  cranks  to  strike  a  man.  They  are  also 
useful  in  transporting  the  derrick  from  place  to  place. 

I  would  like  very  much  to  discuss  the  matter  of  blocking 
or  -no  blocking  but  I  believe  that  others  will  take  up  the  ques- 
tion. However,  I  think  the  method  described  for  settling  the 
blocks  by  dropJ)ing  the  pipe  on  them  is  not  entirely  satis- 
factory, because  of  the  uncertainty  of  the  total  settling  effect. 

No  mention  is  made  of  wheel  cutters  for  cutting  cast  iron 
pipe,  both  in  the  ditch  and  on  the  bank  and  if  any  one  has 
had  experience  with  these  tools  it  would  be  interesting  to  bring 
it  out. 

In  the  schedule  of  main  connections  on  page  35  cutouts 
and  branch  insertions  are  required  when  connecting  4-inch, 
6-inch,  and  8-inch  mains  to  16-inch.  I  believe  that  hub  sleeves 
would  be  satisfactory  for  these  connections  and  cheaper  to 
install.  Also  I  see  no  objection  to  tapping  20-inch  and  24- 
inch  pipe  with  a  3-inch  hole  and  30-inch  pipe  with  a  4-inch 
hole  to  connect  4-inch  mains.  The  short  wroi^ht  iron  piece 
can  be  adequately  protected  against  corrosion. 

On  page  40,  under  "Placing  Hat  Flange,"  I  do  not  think  it 
is  quite  clear  that  stud  bolts  are  used  to  fasten  the  flange  to 
the  main. 

The  suggestion  to  use  gasoline  to  clean  the  bells  I  believe  is 
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objectionable  as  some  gasoline  leaves  a  greasy  residue  after 
evaporation. 

I  have  experimented  with  the  method  of  stuffing  cement 
joints  both  with  rubber  gloves  and  with  a  trowel  and  I  believe 
that  the  trowel  is  just  as  satisfactory  and  cheaper. 

Referring  again  to  blocking,  pages  43,  63,  etc.,  it  seems  to 
me  that  the  answer  to  the  whole  matter  is  that  small  mains 
laid  in  original  soil  without  blocking  do  not  leak  at  the  joints 
nor  do  they  break  in  such  a  manner  that  would  give  the 
slightest  indication  that  the  break  would  not  have  happened 
if  blocking  had  been  used.  This  being  true  what  possible  ad- 
vantage is  there  in  using  blocking  on  small  mains. 

On  page  86  under  "Loose  Filling,"  no  suggestion  is  made 
that  filling  can  be  satisfactorily  done  with  a  scraper  either 
horse  or  motor  drawn.  One  of  the  advantages  of  machine 
filling  and  tamping  is  that  it  reduces  to  some  extent  the  num- 
ber of  laborers  required  on  a  job  and  as  much  of  the  gas  main 
laying  is  done  in  the  season  when  labor  is  most  in  demand, 
the  reduction  in  the  numerical  strength  of  a  gang  would  be 
an  advantage  even  if  there  was  no  reduction  in  installation 
cost. 

In  regard  to  repaving,  page  87,  while  of  course  different 
conditions  arise  in  all  towns,  I  have  found  that  it  is  advisable 
to  replace  the  base  of  all  concrete  base  paving  whether  it  is 
to  be  repaved  by  contract  or  by  the  company.  The  replacing 
of  the  concrete  base  is  not  difficult  and  gives  an  opportunity 
to  make  a  temporary  repair  that  will  take  the  traffic  until  the 
permanent  repair  has  been  made. 

The  whole  scheme  of  keeping  records,  page  91,  described  in 
the  paper  is  certainly  both  ingenious  and  complete.  The  modi- 
fication which  I  use  in  our  city,  which  is  one  in  which  the 
general  foreman  looks  after  most  of  the  street  work  including 
mains,  services  and  repairs,  follows  Mr.  Forstall's  general 
scheme. 

The  form  No.  ii-D-M  shown  here  is  used  for  all 
street  main  laying  and  overhauling  jobs.    On  the  face  of  the 
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form  all  the  data  necessary  for  the  foreman  to  have  before 
starting  to  lay  the  main  is  given.  After  completing  the  job 
the  foreman  makes  a  detailed  sketch  of  the  work  on  the  back 
of  the  form  in  the  quadrille  space,  and  also  fills  in  the  blank 
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spaces  on  the  face  and  back  of  the  form.  This  forms  the 
original  record  of  the  street  main,  but  for  convenience  in 
record  the  sketch  is  copied  into  a  sketch  book  and  posted  on  a 
500  foot  scale  map.     A  card  index  gives  ready  reference  to 
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any  sketch  in  the  sketch  book  and  the  map  gives  the  general 
locations  of  the  mains. 

One  disadvantage  not  given  of  the  concrete  bridge  is  that 
the  top  of  the  arches  being  usually  very  near  the  street  sur- 


No.  II  D.  M.  Back, 
face,  therefore  very  little  covering  is  left  on  the  mains,  so  that 
stoppages  by  freezing  may  result.  This  disadvantage  would  be 
increased  if  several  mains  with  decreased  capacity  were  used 
instead  of  one  larger  one  in  order  to  get  over  the  arches  at  all. 
The  remedy  is  to  arrange  holes  through  which  to  dose  the  main 
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with  alcohol,  but  I  believe  the  time  is  here  when  we  must  con- 
sider some  positive  method  of  dehydrating  or  treating  the 
gas  in  the  severe  Winters  that  obtain  in  the  Northern  part  of 
the  country, 

Mr.  a.  H.  Hall  (New  York)  :  I  owe  an  apology  to  Mr. 
Forstall  in  presuming  to  discuss  his  very  able  paper  without 
sufficient  study  of  its  contents.  I  had  believed  that  Mr.  Simp- 
son, the  son  of  the  father  of  Lead  Wool,  would  have  been  here 
to  assume  the  argimient  of  the  "defensive"  position  in  which 
Mr.  Forstall  has  placed  all  users  of  lead  wool,  but  Mr. 
Simpson  found  it  impossible  to  get  to  Richmond  and  I  have 
therefore  undertaken  the  task  at  rather  short  notice. 

On  page  59,  Mr,  Forstall  estimates  the  cost  of  lead  wool 
joints  to  be  about  lyi  times  the  cost  of  cast  lead.  It  is  prob- 
able that  the  labor  item  in  this  estimate  is  somewhat  high  for 
lead  wool,  as  Mr.  Forstall  states  that  a  complete  set  of  caulk- 
ing tools  is  used  on  each  strand  of  lead  driven.  Experience 
has  shown  that  one  tool  is  all  that  should  be  used  up  to  the  last 
strand,  when  the  joint  is  faced  off  smooth  with  as  many  tools 
as  are  necessary. 

Assuming  that  a  6-inch  cast  lead  joint  costs  complete,  50 
cents,  or  about  4  cents  per  foot,  a  lead  wool  joint  of  the  same 
size  would  cost  75  cents,  or  about  6  cents  per  foot  In  the 
case  of  cement  joints.  I  cannot  make  a  close  estimate,  but 
from  the  statement  on  page  55,  ttiat  five  (5)  men  can  make 
fifty  (50)  6-inch  joints  per  hour,  I  should  think  it  would  be 
fair  to  place  the  cost  at  i  cent  per  foot  for  labor  and  material. 
This  makes  the  relationship  stand : 

Cemetit Jo.o: 

Cast  lead i .  - 0.04 

Lead  wool w.06 

In  New  York,  in  Manhattan  and  the  Bronx,  we  use  nothing 
but  lead  wool  for  all  sizes.  Pipe  of  this  size  (6-inch)  laid 
under  our  ordinary  conditions  as  to  rock  and  pavement,  costs 
us  about  $1.25  per  foot.  Under  these  conditions,  the  jointing 
cost  per  cent,  of  the  total  cost  is  as  follows : 
64 
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per  font  per  foot 

Cement fi.M  0.8 

Cast  lead i.aj  3.3 

Iicad  wool 1.35  4.0 

Now  with  these  figures  before  ixs,  I  bdieve  Mr.  Forstall  has 
furnished  all  the  defensive  argument  we  need.  He  says  <»i 
p3ge  59.  that  even  though  lead  wool  has  almost  a  zero  leak 
record,  yet  for  pipe  24'mch  or  smaller,  the  argument  seems 
to  favor  cement. 

Prom  our  experience  in  New  York,  I  can  go  a  little  further 
than  Mr.  Forstall  and  say  lead  wool  has  a  zero  leak  record 
where  the  caidking  has  been  properly  done,  and  further,  that 
the  joints  may  be  subjected  to  considerable  abuse  through  de- 
flection, due  to  settlement,  without  showing  leaks. 

At  the  bottom  of  page  50,  the  tendency  of  pipe  8-inch  and 
smaller  to  break  under  stress,  due  to  settlement,  when  rigid 
cement  joints  are  used,  is  noticed.  This  chance  in  New  York 
is  very  real,  owing  to  the  constant  disturbance  of  all  sub-sur- 
face structures  by  new  constniction,  as  the  telephone,  tele- 
graph, electric  light  and  power  wires  are  carried  under  ground 
in  all  of  our  streets,  and  in  addition,  we  must  look  forward  to 
the  day  when  a  great  many  of  the  streets  will  be  tunnelled,  near 
the  surface,  for  rapid  transit  lines;  all  of  our  lines  of  main 
present  the  condition,  where,  to  quote :  "One  leak  might  quickly 
fill  conduits  and  manholes  (and  tunnels  containing  trains  full 
of  passengers)  with  explosive  mixture,"  The  parenthesis  is 
mine.  Mr.  Forstall  closes  this  paragraph  with  the  following 
sentence :  "For  all  the  above  reasons,  therefore,  lead  joints  are 
preferable  in  all  special  locations  where  future  joint  trouble  is 
expected."  In  New  York,  we  have  all  the  conditions  he  men- 
tions, but  we  do  not  expect  trouble  because  we  use  a  flexible 
joint  which  does  not  leak. 

On  page  51,  the  last  sentence  in  the  paragraph  at  the  top  of 
the  page  reads — "Ten  years  have  shown  a  cement  joint  may 
leak  after  bdng  tight  for  several  years,  and  is  then  much 
more  expensive  to  repair  than  a  lead  joint,  but  the  saving  in 
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first  cost  is  so  great,  especially  in  large  mains,  and  the  number 
of  leaky  joints  so  few,  especially  in  small  mains,  that,  as  stated 
before,  the  user  of  the  lead  joints  is  put  on  the  defensive." 
And  in  the  next  paragraph  he  says,  "Where  a  good  foundation 
may  not  be  secured,  lead  joints  may  prove  cheaper  in  the  long 
run." 

It  should  not  require  much  of  an  argument  to  prove  that 
in  thickly  populated  centers  at  least,  a  company  is  justified  in 
lajdng  its  mains  in  such  a  manner  that  the  joints  will  not  leak, 
rather  than  by  following  a  method  which  has  been  proven  to 
produce  joints  which  may  leal*.  Further,  under  conditions  as 
they  exist  in  New  York  at  least,  it  is  impossible  to  be  at  all 
sure  the  foundations  upon  which  the  mains  are  laid  will  remain 
firm  for  any  length  of  time. 

From  the  foregoing,  I  assume  that  Mr.  Forstall  admits  the 
lead  wool  has  some  very  decided  advantages  over  cement  as  a 
jointing  material,  and  that  his  condemnation  of  it  is  based 
entirely  on  the  fact  that  it  costs  more. 

In  an  earlier  portion  of  this  discussion,  it  was  shown  that 
the  cost  of  labor  and  material  for  jointing  in  the  case  of  6- 
inch  pipe  with  lead  wool  was  4  per  cent,  of  the  total  cost  of 
the  completed  line.  I  have  checked  this  result  in  the  case  of 
48-inch  pipe,  and  find  the  same  relationship  to  hold.  With 
cement  the  cost  figures  0.8  per  cent,  making  the  saving  a  little 
over  3  per  cent.  Like  the  majority  of  questions  of  this  kind/ 
the  adoption  of  a  policy  can  only  be  determined  upon,  after  a 
careful  study  of  the  actual  conditions  surrounding  each  specific 
case.  In  New  York  where  we  are  confronted  by  the  practical 
certainty  of  injury  to  persons  and  property,  by  even  a  sli^t 
explosion;  by  the  proximity  of  our  mains  to  structures  which 
afford  spaces  for  the  accumulation  of  explosive  mixtures;  by 
the  frequency  with  which  sub-surface  construction  of  all  kinds' 
is  undertaken  in  our  streets,  with  the  consequent  disturbance 
of  our  mains ;  by  the  fact  that  we  must  subject  a  large  number 
of  our  fellow  citizens,  the  greater  part  of  whom  are  also  our 
patrons,  to  serious  inconvenience  every  tiwe  we  open  the 


D.gnzed  by  Google 


132 

streets  to  repair  leaks ;  by  the  difliculty  of  restoring  our  pave- 
ments to  their  original  condition ;  all  of  these  conditions  make 
us  feel  that  we  need  no  defense  for  expending  the  extra  3  or 
4  per  cent,  it  costs  us  to  employ  a  material  which  our  experi- 
ence has  shown  us  to  give  a  flexible  joint  which  does  not  leak 
and  which  is,  as  far  as  we  know,  the  best  material  obtainable 
irrespective  of  cost. 

Except  in  this  matter  of  joints  where  Mr,  Forstall  and  I  are 
not  in  very  close  agreement,  I  believe  he  has  prepared  one  of 
the  best  papers  on  the  subjct  which  has  appeared  in  this 
country." 

Mk.  G.  T.  Macbeth  {Mt  Vernon,  N.  Y.) :  We  do  not 
use  any  derricks  for  laying  16-inch  pipe.  We  went  to  the 
expense  of  buying  two  kinds  of  derricks  for  a  line  of  16-inch 
pipe,  but  the  derricks  were  not  used.  The  men  dropped  the 
pipe  into  the  trench  with  ropes.  A  gang  of  10  men  and  one 
foreman  had  no  trouble  in  laying  from  40  to  60  lengths  a  day 
by  just  dropping  them  into  the  trench  with  ropes.  In  regard 
to  the  service  carts,  I  agree  with  Mr.  Vincent,  that  a  lighter 
cart  is  better.  There  is  also  a  point  I  do  not  think  has  been 
brought  out,  about  using  the  derrick  wheels,  referred  to  by 
Mr.  Vincent.  By  loosening  the  nuts  on  axle  these  wheels 
can  also  be  used  for  transporting  the  derrick  from  one  end  of 
the  job  to  the  other  without  lifting  or  loading  on  wagons.  I 
would  like  to  emphasize  Mr.  Forstall's  point  on  page  22  about 
laying  out  a  certain  section  of  the  trench  for  each  laborer.  I 
find  that  there  is  great  economy  in  this  way  in  matching  one 
man  against  another.  By  doing  this,  you  can  quickly  get  a 
line  on  the  good  men  on  the  job  and  can  weed  the  poor  ones 
out  very  shortly. 

In  regard  to  leaving  space  at  the  end  of  the  pipe  for  foldmg 
I  find  it  is  absolutely  unnecessary  to  leave  any  space,  provided 
you  leave  out  3  lengths  for  the  fold  instead  of  2.  We  use  hul> 
sleeves  of  sizes  recommended  in  the  cast  iron  pipe  sUndards 
of  the  American  Gas  Institute,  and  I  agree  with  Mr.  Vincent 
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in  r^;ard  to  the  hub  sleeve  as  we  find  them  very  satisfactory. 

One  thing  I  think  not  yet  touched  on  is  electrolysis.  We 
have  had  trouble  with  it  on  our  pipes  in  the  last  5  or  6  years. 
This  trouble  however,  was  confined  to  lead  jointed  mains. 
We  found  none  on  the  cement  jointed  mains.  To  insure  the 
insulating  qualities  of  all  the  cement  joints  which  we  are  us- 
ing up  to  and  including  those  on  i2-inch  pipe,  we  place  a 
piece  of  rattan  in  the  bell  before  shoving  the  pipe  home.  That 
entirely  separates  the  end  of  the  spigot  from  the  inside  of  the 
bell  and  makes  it  practically  a  complete  insulating  joint  as 
there  is  no  metallic  contact. 

In  the  matter  of  cement  joints  on  i&-inch  and  larger  cast 
iron  mains,  would  say  that  I  have  little  faith  in  them  for 
this  reason :  they  are  all  right  on  low  pressure  or  distribution 
pressure  mains,  but  we  never  know  when  we  want  to  increase 
this  pressure,  especially  on  these  larger  distribution  mains,  to 
pumping  pressure.  As  soon  as  you  get  up  to  a  pumping  pres- 
sure, between  2  to  5  pounds,  the  cement  joints,  no  matter  how 
well  made,  will  leak.  I  do  not  mean  all  of  them,  but  at  least 
one-third.  We  laid  a  line  in  1906,  and  this  year  (1913) 
the  street  in  which  this  pipe  is  located  was  taken  over  by  the 
State.  After  State  roads  are  established  in  New  York  it  is 
rather  hard  to  get  a  permit  to  open  the  street.  Therefore 
we  thought  we  would  take  great  precautions  on  this  line.  We 
practically  examined  every  joint  for  two  and  a  half  miles,  and 
exactly  one-third  of  the  cement  joints  on  that  line  leaked.  We 
cut  them  out  to  a  depth  of  an  inch  and  a  half  and  recaulked 
with  lead  wool. 

Another  interesting  experience  further  down  on  this  same 
line  was  that  about  2  miles  of  20-inch  cast  iron  pipe  with 
cast  lead  joints  laid  in  1900,  showed  absolutely  no  electric  cur- 
rent being  carried,  although  the  trolley  track  was  in  rather  bad 
shape.  As  these  cast  lead  joints  leaked  we  cut  them  all  out 
and  put  lead  wool  in  to  a  depth  of  one  and  a  half  inches  after 
spreading  the  remaining  part  of  the  old  cast  lead  joint  in  the 
bell  by  driving  in  a  flat  chisel.    We  found  after  this  work  was 
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complete  that  the  line  carried  a  considerable  amount  of  cur- 
rent. I  do  not  remember  the  exact  figures,  but  I  know  it  was 
somewhere  in  the  neighborhood  of  5  amperes  and  a  voltage  of 
about  15  or  20  volts,  which  we  consider  rather  serious.  We 
then  opened  up  that  line  and  put  in  some  insulating  joints. 

We  also  laid  a  few  cement  joints  in  1910  on  another  branch 
of  this  20-inch  main,  which  carried  about  3  pounds  pressure  at 
peak  load  and  I3~inch  the  rest  of  the  time.  Every  one  of 
those  cement  joints  which  we  put  in  for  insulating  purposes 
leaked  in  less  than  3  years  time. 

When  we  laid  our  other  16-inch  pumping  line  this  year 
we  did  not  put  any  16-inch  cement  joints  in  it,  but  used  for 
insulating  purposes,  flanged  fiber  joints  having  the  bolts, 
washers,  and  the  flanges  themselves  all  insulated. 

I  think  I  might  be  able  to  give  Mr.  Shattuck  a  little  informa- 
tion about  that  tamping  machine.  Mr.  Simpson  was  talking 
to  me  the  other  day  about  using  it  on  the  repair  gang  work 
He  told  me  he  put  back  the  dirt  at  a  cost  of  20  cents  a  cubic 
yard  with  a  tamping  machine  as  against  40  cents  for  hand 
labor,  and  the  beauty  of  the  machine  is  that  all  of  the  dirt  goes 
back  into  the  trench.  I  thought  this  a  very  good  recommenda- 
tion. 

I  would  like  to  hear  something  about  working  in  frozen  dirt. 
We  have  a  great  deal  of  trouble,  and  I  have  studied  it  to  a 
certain  extent  with  Mr.  Simpson.  In  fact,  he  has  gone  to  the 
trouble  of  designing  a  frost  cutting  machine,  which,  up  to  the 
present  time  has  not  been  successful.  I  had  about  half  a  mile 
of  8-inch  cast  iron  main  to  lay  in  frozen  dirt  about  3  years  ago. 
Our  orders  were  to  lay  it  in  a  hurry.  What  I  did  was  to 
blast  the  frozen  dirt.  Ordinary  driving-bar,  holes  were  put 
down  and  a  trench  was  blasted,  just  as  if  we  were  going 
through  rock.  It  worked  out  very  satisfactorily,  possibly  be- 
cause our  fellows  are  so  familiar  with  blasting  as  there  is  so 
much  rock  up  our  way.  It  may  not  work  so  well  with  men 
not  accustomed  to  blasting. 

I  would  also  like  to  ask  Mr.  Vincent  how  he  lays  out  his 
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piece  work  on  main  laying  jobs.  It  has  been  a  hobby  of  mine 
for  years,  and  I  don't  seem  to  be  able  to  lay  out  specifications 
for  trench  work,  so  as  to  learn  how  much  money  each  man  is 
entitled  to  on  the  pay  roll. 

Another  thing  which  we  have  found  helpful  in  connection 
with  locating  mains  not  accurately  shown  in  our  old  records, 
is  what  is  known  as  the  "Wireless  Pipe  Locator."  It  is  a  very 
simple  device  costing  $65.00  There  is  one  drawback  to  it 
however,  and  that  is,  if  there  are  a  lot  of  water  heater  con- 
■  nections  in  the  neighborhood,  you  want  to  look  out  or  you 
will  land  on  top  of  the  water  pipe  instead  of  the  gas  pipe. 

Before  closing,  I  should  like  to  add  a  word  or  two  regarding 
the  paper.  To  my  mind  it  has  never  been  equalled.  We  can 
hand  it  to  our  foremen  and  tell  them  to  read  it  like  their  Bible. 
The  information  contained  in  this  paper  was  before  now,  only 
to  be  obtained  through  practical  experience.  I  am  sure  that 
all  of  it  has  not  been  available  in  written  form. 

Mr.  a.  Gordon  King  (New  York  City)  :  I  was  partic- 
ularly interested  in  that  section  on  page  50,  where  it  was  stated 
that  JO  years  have  shown  that  cement  joints  iliay  leak  after 
having  been  tight  for  several  years.  It  was  my  experience  a 
few  years  ago  to  have  to  overhaul  the  main  system  of  a  town 
in  the  South,  and  the  only  way  you  could  do  it  was  to 
use  the  leakage  detector,  and  in  connection  with  that  we  used 
the  device  just  mentioned,  the  wireless  pipe-locator — except 
where  there  was  electrolysis  in  the  mains — and  the  majority 
of  the  leakages  were  on  cement  joints.  The  lead  joints  seemed 
to  be  tight,  but  we  had  no  method  of  knowing  whether  the  men 
who  put  those  cement  joints  in  in  the  first  place  were  experi- 
enced men,  and  whether  their  joints  would  have  held,  had  they 
been  well  done.  Presumably  with  colored  labor  and  inefficient 
supervision  they  were  badly  done,  and  they  were  very  difficult 
to  find  and  very  hard  to  cut  out. 

I  notice  the  question  of  blasting  is  discussed.  We  always 
used  the  ordinary  railway  ties  with  ba^ng  over  them,  but  I 
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saw  in  one  of  the  technical  journals  a  little  wrinkle  we  never 
tried,  but  which  I  think  would  be  good  via.  chaining  the  ties 
together,  for  in  case  of  their  flying  up  they  would  simply  raise 
and  not  break  away.  I  heard  of  one  experience,  where  a  piece 
of  a  tie  had  graie  clear  through  a  window  and  injured  some- 
one in  the  house. 

Mr.  J.  D.  VON  Mauk  (St.  Louis)  :  I  did  not  know  that 
there  was  so  much  to  be  said  about  this  laying  of  cast  iron 
mains.  There  seems  to  be  a  whole  lot.  I  understood  the 
papers  were  to  cover  the  various  subjects,  but  the  discussion 
seems  to  be  going  over  on  subjects  that  are  being  touched 
upon  by  the  other  papers.  When  Mr.  Forstall's  paper  first 
speared  in  the  Gas  Institute  News,  I  went  throi^h  it  very 
carefully  and  urged  all  of  our  District  Superintendents  and 
various  foremen  to  read  it  over  carefully  also. 

It  might  be  well  to  caution  younger  men  to  bear  in  mind 
that  it  is  not  a  paper  on  'Distribution,'  but  simply  a  description 
of  the  methods  advocated  by  the  author  for  laying  gas  mains. 
it  is  also  well  to  remember  that  the  methods  described  are 
those  pertaining  to  the  City  of  Philadelphia.  The  first  impres- 
sion on  reading  the  paper,  is  that  there  is  too  much  of  what 
might  be  called  elementary  detail  in  the  description.  This 
paper  is  a  very  difficult  one  to  discuss  in  detail.  It  must  be 
constantly  borne  in  mind  that  the  soil  and  underground  con- 
ditions, as  well  as  surface  conditions,  such  as  width  of  streets, 
as  well  as  questions  of  policy  and  different  plans  of  organiza- 
tion of  a  gas  company  would  change  very  vitally  the  methods 
which  would  bring  about  the  best  results. 

Our  soil  conditions  are  very  different  from  those  in  Phila- 
delphia. The  bulk  of  our  soil  is  composed  of  a  yellow  clay, 
and  our  method  is  to  lay  the  pipe  so  that  the  tops  of  the  blocks 
will  be  flush  with  the  bottom  of  the  trench,  so  that  the  pipe, 
when  laid,  lies  on  the  undisturbed  bottom  of  the  trench  as.  well 
as  on  the  blocks.  I  have  been  told  many  times  that  this  is 
impossible  to  do  in  practice,  but  I  know  differently.  Our  pipe 
is  laid  so  as  to  have  a  practically  perfect  foundation,  and  it  is  to 
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the  lack  of  such  a  foundation  that  I  attribute  the  trouble  many 
companies  are  having  with  leaky  joints.  We  have  practically 
no  leaking  joints  in  St.  Louis  on  low-pressure  mains,  and 
practically  none  on  high-pressure  mains  under  i6  inches  in 
diameter,  and  very  few  on  the  high-pressure  mains  larger  than 
this  size. 

In  this  connection  I  am  reminded  of  a  meeting  which  oc- 
curred in  Philadelphia  in  1898,  when  I  was  connected  with 
the  United  Gas  Improvement  Company.  Mr.  W.  J.  Serrill, 
Engineer  of  Distribution,  called  a  meeting  of  the  men  having 
chaise  of  the  various  main  laying  operations,  and  the  ques- 
tion, "What  is  the  best  method  of  forming  the  foundation 
of  the  pipe,"  was  under  discussion.  Mr.  Serrill  contended  that 
theoretically  at  least,  the  best  results  would  be  obtained  if  the 
pipes  were  laid  on  a  solid,  undisturbed  bottom.  Without  ex- 
ception, all  of  the  other  men  present,  including  Mr.  Forstall, 
Mr.  Rosenthal  and  the  speaker,  contended  that  the  proper 
way  was  to  place  the  pipe  on  blocks,  at  the  bottom  of  the 
trench,  and  then  thoroughly  tamp  the  earth  under  the  pipe. 
My  experience  has  demonstrated  that  every  man  present  was 
wrong,  with  the  sii^le  exception  of  Mr.  Serrill. 

We  make  no  attempt  to  keep  gangs  of  men  working  every 
month  of  the  entire  year. 

During  the  winter  months  we  get  our  information  rela- 
tive to  the  streets  which  will  probably  be  paved  during  the 
coming  season.  We  arrange  to  have  sufficient  pipe  and  specials 
in  our  store  yard  to  take  care  of  our  work  at  all  times.  As 
soon  as  the  weather  conditions  permit,  we  proceed  to  take 
care  of  the  streets  ahead  of  paving  first.  Owing  to  the  fact 
that  a  large  number  of  our  streets  are  not  on  grade,  this  work 
constitutes  the  most  important  part  of  our  operations,  as 
great  economies  can  be  affected  by  working  in  conjunction 
with  the  various  contractors  and  city  officials.  As  soon  as 
this  work  is  well  under  way,  we  proceed  to  take  care  of  new 
mains  for  consumers,  and  endeavor  to  get  this  part  of  the 
work  completed  as  early  as  possible,  usually  by  August,  in 
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order  to  get  the  benefit  of  the  new  business,  and  to  give  the 
Commercial  Department  an  opportunity  to  get  all  of  the  con- 
sumers using  gas  before  cold  weather  sets  in.  In  the  mean- 
time we  make  arrangements  to  lay  such  distribution 
mains  as  are  laid  out  for  the  year's  work,  and  when  this  work 
is  completed  the  gangs  are  cut  down  to  a  minimum.  The 
balance  of  the  year  is  used  to  take  care  of  special  work  of 
various  kinds  which  needs  to  be  taken  care  of.  This  requires 
a  very  small  force. 

Our  main  effort  is  to  train  our  individual  foremen  as  to 
the  reasons  why  certain  methods  of  doing  work  will  result  ini 
a  minimum  cost  of  maintenance.  In  the  final  analysis  it  will 
be  found  that  it  is  to  the  foremen  on  the  street  to  whom  we 
must  look  for  results.  The  Engineer  or  Superintendent  who 
can  best  train  these  men  and  win  their  confidence  and  respect 
will  be  most  valuable  to  his  company. 

I  wish  to  emphasize  the  fact  that  while  there  are  certain 
fundamental  principles  which  will  govern  the  entire  work,  yet 
owing  to  the  great  diversity  of  conditions  in  various  cities,  the 
details  of  carrying  on  the  work  will  differ  widely.  What  may 
be  good  practice  m  one  city  may  not  prove  economical,  or  even 
desirable  in  another.  For  instance  in  the  delivery  of  materials. 
— We  have  proven  to  our  own  satisfaction  that  while  it  is 
unwise  to  carry  a  large  stock  of  pipe  or  specials  in  the  store- 
yard,  it  is  not  safe  to  trust  to  the  pipe  foundry  and  railroads 
to  have  pipe  shipments  arrive  in  such  a  manner  that  it  can  be 
delivered  on  the  work,  though  desirable  as  that  might  be. 
Every  piece  of  material  left  on  the  street  is  a  chance  for  an 
accident  until  it  is  used  and  placed  in  its  final  resting  place. 
We,  therefore,  deliver  our  small  pipe  on  the  job  a  day  or  so 
in  advance  of  actual  operations.  Our  pipe  is  delivered  in  cars 
to  the  storeyard,  and  loaded  from  the  car  to  the  yard,  or  from 
the  cars  direct  to  automobile  trucks  by  means  of  a  hand-oper- 
ated loading  machine.  We  find  this  much  more  economical 
than  having  the  cars  consigned  to  various  switching  points  and 
unloading  by  hand.    Of  course  in  the  case  of  large  size  mains 
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we  deliver  direct  to  the  job  when  the  conditions  are  such  as 
to  make  this  plan  advisable. 

As  to  separating  materials  taken  from  the  trench,  condi- 
tions again  would  determine  very  largely  how  this  should  be 
done.  In  St.  Louis,  for  instance,  concrete  taken  out  of  the 
trench  under  the  pavement  cannot  again  be  used,  except  for 
filling  in.  (City  Rule).  Under  these  circumstances  there 
would  be  no  great  necessity  of  using  care  in  keeping  the  con- 
crete from  being  mixed  up  with  the  earth  taken  from  the 
trench.  Taking  up  paving  is  another  detail  which  will  vary  in 
different  cities.  Where  the  bricks  are  grouted  in  with  cement, 
as  they  are  in  St.  Louis,  it  would  be  impossible  to  take  up  the 
paving  in  the  manner  described  by  Mr.  Porstall. 

The  method  of  making  joints  is  now  practically  uniform. 
There  is  still  a  difference  of  opinion  as  to  which  material  is 
the  best  for  the  purpose.  AH  our  joints,  for  all  sizes  of  pipe, 
are  made  with  cement.  The  only  real  trouble  we  have  had  is 
where  we  changed  from  Dyckerhoff  to  a  domestic  cement.  In 
thb  connection  I  can  only  emphasize  the  fact  that  too  much 
attention  cannot  be  given  to  the  foundation  under  the  pipe. 
With  a  practically  perfect  foundation,  and  joints  made  with 
Dyckerhoff  cement,  there  ought  to  be  very  little  trouble.  W« 
did  not  have  a  single  leaking  cement  joint  in  12  months,  and 
only  12  leaking  lead  joints. 

The  number  of  joints  caulked  per  hour  or  per  day  is  not 
material.  Mr.  Forstall  says  on  page  55,  "A  gang  of  5  experi- 
enced men  can  make  50  6-inch  joints  per  hour."  This  would 
mean  600  feet  of  main  per  hour.  By  actual  test,  I  find  that  a 
joint  can  be  made  in  3  minutes,  but  we  have  never  attempted 
to  lay  pipe  at  such  a  rate.  The  quicker  men  forget  that  the 
main  thing  to  accomplish  is  to  lay  a  large  number  of  feet  of 
pipe  per  day,  and  remember  that  a  little  less  tn  quantity  and  a 
great  deal  more  in  quality  is  what  they  should  strive  for,  the 
better  will  be  the  result  of  their  efforts  in  the  last  analysis. 

In  making  cement  joints  we  pay  very  little  attention  to 
temperature  conditions,  except  in  very  large  size  pipes.     One 
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of  the  best  lines  of  24-inch  high-pressure  main  which  we  have 
laid,  and  one  on  which  we  have  never  had  any  difficulty,  was 
laid  in  the  middle  of  winter,  with  the  thermometer  below 
freezing.    Salt  water  was  used. 

As  to  lead  wool,  it  has  a  large  useful  and  increasing  field, 
but  as  yet  no  one  has  been  able  to  show  us  that  there  woulfl 
be  any  advantage  in  making  the  change  in  St.  Louis. 

As  for  testing  joints,  it  is  a  good  plan  for  the  Superin- 
tendent to  occasionally  order  an  excessive  pressure  put  on  the 
pipes  when  the  foreman  is  not  expecting  that  such  a  test  will 
be  made.  If  the  results  are  satisfactory  under  these  conditions, 
it  can  be  assumed  that  the  general  run  of  the  work  is  satis- 
factory. 

Gauge  readings  are,  at  best,  a  very  poor  guide.  The 
longer  and  lai^er  the  line  of  pipe  to  be  tested,  the  less  reliable 
the  gauge  becomes.  A  moment's  thought  will  emphasize  this 
fact,  as  the  greater  the  volume  in  the  pipe  to  be  tested,  the 
smaller  will  be  the  effect  on  the  gauge,  for  any  given  escape 
of  air.  The  gauge  is  an  old  method  for  testing  pipe,  but  the 
greatest  dependence  should  be  placed  on  actual  inspection  with 
soap-suds,  and  on  a  careful  supervision  of  the  manner  in  which 
the  work  is  done.  For  lai^e  sizes  of  pipe  a  gasoline  engine 
and  compressor  mounted  on  a  truck  will  prove  satisfactory. 

As  to  refilling  trenches,  the  methods  employed  will  vary 
materially  with  the  class  of  material  encountered.  Clay  will 
expand  30  to  40  per  cent,  on  loosening,  and  under  certain  con- 
ditions of  moisture  it  will  be  found  extremely  difficult  to  get 
all  of  the  earth  back  into  the  trench.  I  am  in  hopes  that  the 
tamping  machine  now  on  the  market  will  be  so  strengthened 
and  modified  as  to  make  it  a  practical  tool  for  this  work,  es- 
pecially on  streets  where  there  is  a  pavement.  These  im- 
provements in  the  machine  are  now  being  made.  It  is  of  the 
greatest  importance  to  so  fill  the  trench  that  the  paving  wii! 
not  settle,  especially  in  cities  where  all  of  the  paving  is  on  a 
heavy  bed  of  concrete,  and  where  the  bricks,  etc.,  are  grouted 
in  place.    Under  certain  soil  conditions  it  takes  a  considerable 
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time  after  a  trench  is  flushed  before  it  is  in  a  condition  to  per- 
mit of  paving,  so  that  if  flushing  is  used  on  paved  streets  loca- 
ted on  clay  soil  it  would  mean  that  the  street  would  be  kept 
in  a  torn-up  condition  for  several  days.  This  is  something 
we  make  every  endeavor  to  avoid,  as  we  find  that  people  do 
not  object  to  the  tearing  up  of  a  street,  provided  the  dirt  is 
replaced  and  street  put  in  condition  promptly. 

Referring  to  field  notes,  I  believe  there  is  such  a  thing  as 
going  into  too  great  detail,  at  the  same  time  accurate  notes 
should  be  taken  of  all  underground  work,  although  the  loca- 
tion of  each  joint  I  do  not  consider  so  important.  I  know  of 
cases  where  mains  have  been  barred  for  leaks — dependence 
was  placed  on  the  field  notes — and  it  developed  subsequently 
that  the  bar  holes  were  being  placed  over  the  center  of  the  pipe. 
Neither  do  I  see  the  need  of  the  surveyor's  report,  shown  on 
page  95.  It  might  be  all  right  on  a  very  large  construction  job, 
but  under  ordinary  conditions  where  there  is  proper  super- 
vision, I  see  no  need  of  such  a  report,  except  a  certain  amount 
of  gratification  that  it  gives  to  the  main  office  force.  The 
need  of  accurate  notes  increases  with  the  complexity  of  the 
work.  New  work  should  be  placed  close  to  the  curb,  where 
possible,  as  in  this  position  it  will  be  less  liable  to  interference. 
Of  course  with  reference  to  drip  pots,  valves,  etc.,  a  most 
careful  record  should  be  turned  in  and  should  be  again  checked 
at  the  main  office. 

If  Mr.  Forstall's  paper  is  read  carefully,  bearing  in  mind 
that  it  is  simply  a  description  of  Philadelphia  practice,  it  will 
be  of  considerable  value  to  the  reader,  but  the  reader  must 
remember  that  the  differing  conditions  may  be  the  deciding 
factor  as  to  methods  employed.  There  are  important  prob- 
lems coming  up  every  day,  and  these  can  rarely  be  decidett 
from  what  one  has  read.  It  takes  a  large  amount  of  experi- 
ence, a  wh(de  lot  of  "gumption,"  and  a  lot  of  common  sense 
to  work  out  the  best  practical  solution  in  any  difficult  problem 
that  may  come  up.  My  only  regret  is  that  Mr.  Forstall  did  not 
omit  some  of  the  more  elementary  detail,  and  discuss  some 
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of  the  general  distribution  problems,  which  are  very  much  in 
need  of  solution  and  which  he  is  so  well  fitted  to  discuss. 

The  Chairman  :  Now,  there  has  been  a  lot  of  discussion 
on  cement  joints,  and  things  of  that  nature.  I  do  not  know 
whether  you  want  them  discussed  now  or  want  to  let  them 
come  up  in  the  natural  course  of  the  other  papers.  Would 
you  suggest  having  them  come  up  now  at  this  time  ? 

Mr,  Walton  Fobstau,  (Philadelphia) :  I  think  Mr,  Vin- 
cent's paper  is  a  pretty  good  chance  to  talk  about  cement 
joints,  as  I  remember. 

Mr.  J.  D.  voK  Maur  (St  Louis)  :  Someone  asked  about 
cast  iron  pipe  cutters.  I  arranged  sometime  ago  to  have  the 
Manufacturer  send  me  one  of  these  cutters  for  a  lo  days' 
bial.  The  cutter  arrived  and  was  sent  on  the  street  and  tried. 
The  foreman  condemned  it.  Unfortunately,  it  was  returned  to 
the  manufacturer  before  I  had  an  opportunity  to  examine  it 
personally.  We  therefore  arranged  to  make  a  new  test,  but  in 
the  meantime  our  City  Water  Department  made  a  number 
of  experiments  in  cutting  out  lo-inch,  l2-inch  and  l6-inch 
pipe.  They  made  a  cut  through  a  l6-inch  pipe,  I  believe,  in 
26  minutes,  and  the  work  was  done  very  nicely  indeed.  I 
believe  it  is  a  good  tool,  and  when  properly  used  will  do  away 
with  the  not  infrequent  uneven  cuts.  It  is,  of  course,  possible 
to  make  an  even  cut  in  the  usual  method  with  diamond  points 
and  dc^  chisels,  but  if  a  foreman  cuts  out,  we  will  say,  a  24- 
inch  main,  for  instance,  and  the  cut  is  not  quite  square  with 
the  axis  of  the  pipe,  he  frequently  accepts  the  cut,  rather  than 
to  make  a  recut  of  the  large  main. 

All  of  these  new  appliances  should  receive  encouragement 
from  gas  companies,  as  this  is  the  only  way  that  prc^ess 
can  be  made. 

Hoarding  the  derrick  which  Mr.  Vincent  referred  to,  I 
would  say  that  I  consider  the  standard  three-l^^ed  derrick 
positively  dangerous.  The  question  as  to  the  best  derrick  to 
use  depends  very  largely  on  where  you  are  usii^  it    I  think 
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the  derrick  Mr.  Forstall  uses,  which  is  almost  identical  with 
the  one  used  in  St.  I^ouis,  is  a  very  practical  tool  for  dty 
conditions.  We  use  the  large  wagon  wheel  in  preference  tc 
the  crank.  The  derrick  that  Mr.  Shattuck  uses  is  probably 
best  adapted  for  his  conditions. 

Mr.  C.  H.  Waking  (Kansas  City,  Kansas)  :  One  point  that 
has  not  been  brought  out  We  have  not  used  the  tamping 
machine  ourselves,  but  the  Bell  Telephone  Company  in  Kansas 
City  have  used  it  with  very  great  success.  One  of  the  best 
features  about  it  is  in  cutting  asphalt.  They  have  a  tool  that 
cuts  on  both  sides  of  the  trench  at  the  same  time.  It  will 
cut  asphalt  very  rapidly.  In  cutters  for  cast  iron  pipes,  I  want 
to  say  we  have  used  them  with  very  great  success. 

Mr.  G.  T.  Macbeth  (Mt.  Vernon,  N.  Y.) :  If  you  use  a 
tamping  machine  to  cut  asphalt,  why  cannot  we  use  it  to  cut 
frost?  Mr.  von  Maur  said  that  a  great  many  people  have 
changed  over  from  Dyckerhofi  to  domestic  cement.  We  have 
not  done  it  and  do  not  intend  to.  We  still  think  the  Dycker- 
hoff  is  the  best  and  will  stick  to  it. 

With  regard  to  the  tampii^  machine,  I  understand  that  the 
Ingersoll-Rand  Co.  are  getting  out  a  tamping  machine  that 
might  be  interesting  to  the  people  who  are  looking  for  such 
a  machine.  Wedges  as  mentioned  on  page  27  in  Mr.  Forstall's 
paper,  are  left  in  by  us  and  are  not  removed  after  the  pipe  is 
anchored.  Mr,  von  Maur  referred  to  the  occasional  use  of 
excessive  pressure  to  determine  whether  the  work  on  the 
joints  was  being  properly  done.  I  do  not  know  exactly  what  he 
meant,  but  we  test  all  distribution  mains  with  air  at  from  10 
inches  to  20  inches  of  mercury.  In  addition,  we  go  over  the 
Joints  with  soapsuds  while  the  pressure  is  on.  When  laying 
what  we  call  transmission  mains,  we  test  them  with  10  pounds 
air  pressure  before  tilling  in  and  go  over  every  joint  with 
soupsuds.  We  found  joints  absolutely  tight  at  ro  pounds,  that 
leaked  when  we  put  on  20  pounds. 

People  living  in  the  nei^borhood  of  cotton  mills  will  find,  I 
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think,  old  carding  cloth  very  economical,  more  so  than  regular 
wire  brushes. 

We  have  used  two  kinds  of  cast  iron  pipe  cutters.  I  do 
not  know  just  now  the  names  of  them.  One  was  condemned 
by  the  foreman,  as  Mr.  von  Maur  says;  the  other  works  satis- 
factorily.   I  cannot  tell  you  which  is  which. 

The  Chairman  :  Is  there  any  other  discussion  on  this 
paper  ?  If  not  I  think  we  will  call  upon  Mr.  Forstall  to  close 
the  discussion. 

Mr.  Walton  Forstall  (Philadelphia) :  The  discussion. 
with  its  diversity  of  views  has  been  very  acceptable  because. 
as  Mr.  von  Maur  has  said,  my  paper  must  largely  represent 
the  local  standpoint.  I  tried  to  make  clear  that  it  treated  of 
only  one  thing,  and  was  not  in  any  way  a  treatise  on  distribu- 
tion. It  was  written  in  great  detail  and  made  very  elementary 
because  I  thought  there  was  a  field  for  such  a  paper.  Of 
course,  this  may  be  a  mistake ;  also,  no  one  can  leam  the  art 
of  main  laying  from  a  book.  If  any  one  should  read  thi? 
paper  and  then  try  to  lay  a  main  without  any  more  informa- 
tion, he  would  certainly  fail.  The  paper  is  only  of  valut  as 
supplemented  by  actual  street  experience. 

There  were  many  points  in  the  discussion  that  I  would  like 
to  touch  on  if  we  had  more  time.  I  want,  however,  to  state 
very  clearly  my  position  with  regard  to  lead  wool.  In  the 
paper  I  said  little  about  lead  wool,  not  because  I  am  in  any 
way  opposed  to  its  use,  but  solely  because  I  know  very  little 
about  it.  Our  Philadelphia  conditions  do  not  seem  to  require 
its  extensive  use.  I  can  see,  however,  that  under  New  York 
conditions  lead  wool  might  be  just  the  thing  to  be  used.  It 
is  quite  possible  that  when  we  know  more  about  large  cement 
joints  in  Philadelphia,  we  will  use  less  cement  and  more  lead 
wool.  We  are  in  a  waiting  attitude  just  now.  The  tightness 
of  cement  joints  seems  to  depend  largely  on  the  men  who 
made  the  joints.  As  for  the  same  size  pipe  and  for  the  same 
length  of  life,  we  have  some  lines  of  large  mains  made  with 
cement  joints,  that  have  been  very  tight,  and  on  the  other  hand 
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some  on  which  there  have  been  a  great  number  of  leaks. 
As  far  as  small  mains  are  concerned,  we  have  laid 
over  400  miles  with  cement  joints,  and  have  not  had 
more  than  20  leaks  in  that  distance.  With  this  record,  and 
with  the  protection  that  cement  joints  seems  to  furnish  us 
a^inst  electrolysis,  it  seems  undoubtedly  the  material  to  use 
for  small  pipe.  As  to  its  cost,  the  average  cost  per  foot  of  our 
6-inch  pipe,  most  of  it  laid  in  unpavcd  streets,  is  about  60 
cents,  and  the  cost  of  a  cement  joint  about  7  cents,  a  little  more 
than  half  a  cent  a  foot.  Consequently,  the  ratio  of  joint  cost 
to  the  total  main  laying  cost  is  not  the  same  for  Philadelphia 
as  for  New  York. 

I  am  not  at  all  sure  that  cement  joint  leaks  are  only  due  to 
settling.  We  have  laid  some  30-inch  mains  on  concrete  blocks, 
yet  have  had  leaks  in  their  cement  joints. 

Mr.  C,  H.  Waring  (Kansas  City,  Kan.) :  This  paper  is 
so  valuable  and  the  discussion  so  valuable  that  I  think  it  should 
be  used  as  a  text  book,  and  I  therefore  make  this  motion, 
that  we  refer  to  the  incoming  board  the  suggestion  that  the 
paper  be  published  in  pamphlet  form  with  discussions  as  an 
appendix,  so  it  will  be  available  for  sale. 

(The  motion  was  duly  seconded  and  carried  unanimously;. 

On  motion  duly  made  and  seconded  it  was  decided  to 
combine  Mr.  Rice's  and  Mr.  Vincent's  papers  and  discuss 
them  simultaneously,  and  to  do  the  same  in  r^ard  to  the 
papers  of  Mr,  Simpson  and  Mr.  Gould, 

The  Chairman  :     Mr.  Rice  will  now  present  his  paper. 

Mr.  H.  L.  Rice  then  presented  his  paper  on  the  Installation 
of  Mains  and  Pipe  Lines  of  Steel  and  Wrought  Iron. 

THE  INSTALLATION  OF  MAINS  AND  PIPE  LINES 
OF  STEEL  AND  WROUGHT  IRON, 

Abttiact — The  cases  in  which  steel  or  wrought  iron  may  be  profit- 
abl]'  substituted  for  cast  iron  may  be  stated  as  follows ;     In  systems 
6S 
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operating  under  pressure  exceeding  5  pounds  to  the  square  inch;  for 
3  and  3-inch  low  pressure  mains  when  these  sizes  are  suitable;  occa- 
sionally for  4-inch  low  pressure  mains  during  periods  of  high  priced 
cast  iron  pipe;  and  in  instances  where  organizations  are  not  well 
equif^ed  for  handling  cast  iron  work  at  reasonable  prices. 

The  question  of  wrought  iron  as  against  steel  seems  to  come  down  to 
the  relative  corrosion,  and  the  concensus  of  opinion  of  a  number  of 
authorities  quoted  seems  to  be  that  there  is  little  or  nothing  to  choose 
between  the  two,  although  one  points  out  that  hand-puddled  iron  stands 
much  more  chance  of  being  uniform  and  therefore  free  from  corro- 
sion than  steel  made  from  scrap  largely  by  mechanical  methods. 

On  account  of  the  susceptibility  of  both  wrought  iron  and  steel  to 
corrosion,  they  are  dependent  for  maximum  efficiency  upon  protective 
coatings.  Pipe  for  use  within  a  limited  distribution  area  is  usually 
coated  at  a  central  point  where  heat  is  available.  All  mill  scale  and 
rust  should  be  cleaned  oS  the  surface  before  applying  the  coating,  and 
the  utmost  care  should  be  taken  afterwards  to  prevent  the  coating  from 
being  knocked  off  or  rubbed  off.  It  is  in  this  respect  that  the  addi- 
tional protection  of  cloth  or  paper  wrapping  is  of  particular  value, 
and  when  the  soil  is  bad  or  electrolysis  feared,  this  extra  protection 
should  be  used.  For  unusually  severe  conditions  heavily  pitching  the 
pipe  in  a  wooden  trough  is  of  special  value.  Where  the  pipe  is  received 
at  outlying  stations  and  transportation  is  difficult,  coating  on  the  job 
is  preferable. 

The  organisation  for  laying  wrought  iron  pipe  in  a  small  town  is 
much  simpler  than  for  laying  cast  iron.  Any  competent  service  man 
or  fitter  can  be  entrusted  with  this  work,  subject  to  the  usual  oversight 
of  the  superintendent  or  general  foreman. 

The  organization  for  laying  a  long  country  line  is  of  more  special 
and  particular  importance.  Special  arrangements  are  necessary  for 
unloading  and  stringing  the  pipe  for  coating  (it  will  be  found  better 
in  work  of  this  character  to  coat  the  pipe  after  distribution),  for 
housing,  feeding  and  transporting  the  men,  transportation  of  material, 
and  for  the  actual  organization. 

The  force  should  be  divided  into  plowers,  diggers,  pipe  layers,  recoat- 
ing  and  testing  men  and  ditch  fillers,  the  number  in  each  gang  depend- 
ing upon  the  nature  of  the  soil,  size  and  speed  of  other  gangs,  etc.  For 
filling  a  winged  plow  is  used,  followed  by  a  road  grader. 

The  possibilities  of  digging  machines  are  of  interest  to  distribution 
engineers,  especially  in  cross  country  lines.  These  machines  do  away 
with  the  plowing  and  digging  gangs,  making  the  organization  much 
smaller  and  simpler.  The  machine  must  be  light  and  narrow,  well 
constmcted,  must  be  able  to  operate  on  a  wide  range  of  fuels,  must 


D.gnzed  by  Google 


147 

travel  at  a  fairly  high  rate  of  speed,  should  throw  dirt  to  either  side 
of  the  trench  at  will,  and,  finally,  must  work  t^eaply.  A  machine  used 
under  the  writer's  supervision  and  costing  $3,000  19  of  the  endless 
chain  bucket  type,  driven  by  a  25-  horse-power  gasolene  engine,  and 
cuts  a  trench  from  18  to  38  inches  wide  and  any  depth  to  to  feet  at  a 
rate  of  from  I  to  5  feet  a  minute  according  to  the  width  and  depth  of 
the  trench  and  nature  of  the  soil.  As  an  example  of  the  working  of 
the  machine,  an  instance  is  given  in  which,  in  it  actual  working  days, 
11,808  feet  were  excavated  at  a  cost  of  1.02  cents  per  foot,  including 
wages  of  operator  and  assistant,  board  bill  of  operator,  some  teaming, 
gasolene,  lubricants,  and  a  few  minor  repairs.  The  digging  was  through 
a  wet,  sticky  clay,  some  gravel,  and  with  a  few  rocks,  roots  of  trees, 
etc.    The  ditch  was  24  inches  wide  and  4  fwt  deep. 

The  trench  for  screw  pipe  is  made  of  uniform  width  throughout 
Where  the  pipe  is  screwed  up  on  top  and  afterwards  lowered  into  the 
trench,  a  ditch  as  narrow  as  12  inches  may  be  found  satisfactory.  The 
usual  practice  in  city  work  is  to  joint  all  pipe  in  the  trench  and  block 
carefully,  using  stones  if  cheaper  and  more  convenient.  Pipe  should 
be  ordered  with  loose  couplings,  and  the  greatest  care  should  be  used 
in  cleaning  the  threads  and  jointing.  In  high-pressure  work  the  ques- 
tion of  exact  grade  is  not  of  as  great  importance  as  in  low  pressure 
nnce  the  moisture  is  all  removed  in  the  first  mile  of  pipe.  Opinions 
diEFer  as  to  the  relative  advantage  of  jointing  high  pressure  in  the 
ditch  or  dn  the  bank,  but  practice  is  often  governed  by  conditions. 
High  pressure  mains  are  preferably  tested  with  gas  at  a  pressure 
exceeding  the  maximum  which  the  piping  will  be  called  upon  to  stand; 
where  gas  is  not  available,  air  may  be  used. 

The  choice  of  fittings  in  low  pressure  work  lies  between  malleable, 
cast  iron  and  slip  fittings,  and  for  high  pressure  between  extra  heavy 
cast  iron,  slip  and,  in  the  smaller  sizes,  galvanized.  Cast  iron  is  more 
trustworthy  than  malleable,  but  should  always  be  extra  heavy.  All 
except  slip  fittings  should  be  tested  as  to  tightness  before  installing: 
Slip  fittings  are  convenient  and  provide  for  expansion,  but  are  objec- 
tionable in  regard  to  life  of  gaskets  and  difficulty  of  renewals.  Rubber 
gaskets  have  been  found  to  be  in  perfect  condition  after  years,  and,  on 
the  other  hand,  have  been  found  in  other  cases  to  deteriorate  very 
rapidly.  The  failures  are  due  largely  to  abrasion  caused  by  motion  of 
the  pipe,  and  occasionally  by  chemical  action  of  the  soil  and  the  gas. 
One  manufacturer  has  placed  on  the  market  two  types  of  rubber 
gasket  designed  to  resist  abrasion,  one  tipped  with  duck  and  the  other 
widi  lead,  but  sufficient  time  has  not  elapsed  to  determine  the  value  of 
these.  Another  manufacturer  has  brought  out  an  asbestos  gasket  which 
is  also  under  observation.  Where  the  pipe  is  dead-ended,  the  slip  joints 
mast  be  anchored.    Slip  joints  should  also  be  used  on  each  side  of  every 
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iron  fitting  to  take  up  the  strains  on  long  pipe  lines.  They  are  also  of 
great  convenience  in  filling  gaps  and  cutting  in  fittings,  the  only  objec- 
tion being  the  question  of  life  of  gasket.  This  is  of  special  importance 
under  pavements. 

The  following  will  be  found  good  practice:  Low  pressure  town 
systems:  Cast  iron,  standard  weight  screw  fittings;  one  slip  joint  sleeve 
for  each  400-foot  block  or  less.  High  pressure  town  systems :  Extra 
heavy  cast  iron  or  slip  joint  fittings  at  intersections ;  one  slip  joint  in 
close  proximity  to  each  valve.  Pipe  lines :  Pipe  to  be  bent  where 
possible  instead  of  using  ells.  Extra  heavy  fittings  only  should  be  used. 
Slip  joints  arc  preferable  for  tees  and  crosses  except  where  an  opening 
is  dead-ended ;  all  fittings  protected  by  slip  joint  sleeves  on  each  side, 
and  other  slip  joints  installed  in  the  line  at  intervals,  but  not  to  be 
called  upon  to  relieve  strains  unless  installed  as  close  as  200  feet 

As  there  is  no  occasion  to  use  valves  in  low  pressure,  what  follows 
applies  to  high  pressure  only.  General  practice  is  to  place  valves  at 
half  mile  intervals,  but  on  account  of  trouble  experienced  by  deposits 
on  the  seats,  one  large  system  changed  from  single  valves  every  half 
niile  to  two  valves  about  10  feet  apart  at  intervals  of  a  mile.  The  town 
system  should  be  carefully  districted,  this  being  facilitated  by  the  fact 
that  in  high  pressure  work  dead  ends  are  not  objectionable.  Arrange- 
ments should  be  made,  also,  so  that  any  valve  can  he  shut  otf  without 
a  moment's  loss  of  time. 

High  pressure  mains  must  receive  the  same  protection  from  cold  as 
low  pressure  to  preserve  the  candle-power,  and  should,  therefore,  be 
carefully  protected  at  all  exposed  places.  One  danger  is  that  in  warm 
periods  in  winter  the  ice  forming  inside  the  pipe  in  such  places  will 
fall  off  and  form  slush  in  the  pipe,  possibly  stopping  it  at  some  point 
difficult  of  access. 

Where  two  or  more  cities  are  supplied  from  one  pipe  line,  it  is  best 
to  place  a  reducing  governor  at  the  entrance  to  each  town,  thus  making 
the  town  pressure  independent  of  the  pipe  line  pressure.  The  simplest 
construction  only  is  required,  and  operation  within  one  pound  is 
satisfactory. 

Steel  pipe  of  8-incli  and  larger  is  manufactured  in  different  weights, 
and  there  are,  also,  grades  of  tubing  and  casing  in  which  the  thickness 
is  still  further  reduced.  Pipe  lighter  than  standard  weights  is  often 
used,  screw  ends  being  employed  for  8  and  to-inch,  and  couplings  of 
the  Dresser  type  for  larger  siies.  This  is  particularly  the  case  in 
natural  gas  practice. 

All  moisture  should  be  removed  from  high  pressure  gas  as  soon  as 
possible,  which  is  most  conveniently  done  by  employing  baffle  plates. 
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If  the  line  itself  is  used  as  a  condenser,  the  baffles  should  be  at  the  tow 
points  within  the  first  two  miles.  If  the  gas  is  cooled  at  the  pumping 
station,  baffle  tanks  at  this  point  will  remove  the  greater  part  of  the 
moisture.  The  pipe  np  to  the  last  baffle  should  be  laid  below  frost  if 
possible. 

Choice  of  Pipe. 
Screw  Joint  Pipe  vs.  Cast  Iron. 
In  the  choice  of  pipe  for  mains  and  pipe  lines  the  following 
conditions  must  be  considered. 

1.  Suitability. 

Cast  iron  pipe  is  not  suitable  for  high  pressure  work,  for 
pressures  exceeding  5  pounds,  nor  for  low  pressure  work  in 
sizes  under  4  inches,  in  the  first  place  because  of  its  porosity 
and  the  uncertainty  of  the  joints,  and  in  the  second  place 
because  of  its  brittleness.  Screw  joint  pipe  of  wrought  iron  or 
steel,  because  of  its  shorter  life,  is  particularly  less  suitable 
than  cast  iron  in  certain  locations.  Such  locations  may  be 
those  where  streets  are  shortly  to  be  paved,  and  the  cost  of 
replacement  thus  largely  increased,  or  locations  where  soil  and 
electrolytic  conditions  are  especially  unfavorable, 

2.  First  Cost  of  Material. 

Screw  joint  pipe  is  frequently  cheaper  than  cast  iron  in  the 
smaller  sizes.  Relative  price  conditions  change  materially  from 
year  to  year,  and  will  always  be  closely  followed  by  the  careful 
builder.  Where  sizes  smaller  than  4  inches  are  sufficient,  the 
first  cost  of  screw  joint  pipe  will  invariably  be  found  cheaper 
than  the  first  cost  of  the  smallest  available  size  of  cast  iron 
pipe,  namely  4  inches. 

3.  Cost  of  Installation  and  Maintenance. 

This  consideration  may  go  deeper  than  cost  and  include  in 
small  organizations  the  ability  to  install  first-class  work  using 
cast  iron  material.  Small  organizations  frequently  report  leak- 
age less,  and  maintenance  easier  and  better,  when  dealing  with 
screw  joint  pipe. 
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Hie  proper  decision  will  be  that  which,  estimating  the  vari- 
ous conditions  accurately,  resolves  them  finally  in  terms  of 
ultimate  yearly  cost,  including,  as  already  suggested,  deprecia- 
tion and  also  including  interest  on  the  investment. 

The  possibility  thus  exists  that  screw  joint  pipe  may  profit- 
ably displace  cast  iron  for  low  pressure  work  in  the  following 
cases. 

1.  Where  pipe  smalier  than  4  inches  is  sufficient  for  the 
locality  with  the  usual  reasonable  provision  for  the  future. 

2.  Where  the  first  cost  of  screw  joint  pipe  4  inches  or  larger 
is  less  than  that  of  cast  iron.  There  is  sufhcient  differential 
frequently  in  4  inches  to  merit  consideration,  and  occasionally 
this  differential  has  extended  to  6  inches,  while  in  larger  sizes 
cast  iron  has  generally  been  cheaper. 

3.  Where  in  small  organizations  screw  pipe  can  be  laid  and 
maintained  cheaper,  better  and  more  readily,  because  of  the 
absence  of  a  regular  crew  skilled  in  and  equipped  for  laying 
cast  iron  pipe. 

4.  Where  special  elements  of  depreciation  are  anticipated; 
such  as  the  condition  where  the  .  future  development  of  a 
locality  is  doubtful  and  long  life  of  pipe  is  of  less  consequence 
than  present  service  at  the  lowest  first  cost,  or  when  a  larger 
feeder  is  planned  for  the  future,  and  the  cheapest  temporary 
provision  is  desired  from  the  existing  system  at  distant 
intervals. 

The  consideration  of  interest  and  depreciation  is  of  the 
utmost  importance  as  may  be  illustrated  by  taking  an  extreme 
case.  Let  us  assume  the  life  of  cast  iron  pipe  as  unlimited, 
and  steel  pipe  40  years.  This  is  purely  arbitrary  and  expresses 
no  opinion  on  a  subject  in  which  soil  and  electrolytic  condi- 
tions are  all  important.  In  case  i,  if  a  3  inch  steel  pipe,  costing 
say  $315  for  t,ooo  feet  laid  will  serve,  and  a  4  inch  pipe,  the 
only  alternative  in  cast  iron,  costs  $425,  the  money  saved  by 
the  use  of  3  inch,  $110,  will  at  5  per  cent,  compound  interest, 
amount  to  $291  in  20  years,  $475  in  30  years  and  $774  in 
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40  years.  The  saving  arising  from  the  original  choice  of  3 
inch  is  therefore  considerable,  if  during  the  period,  the  expec- 
tations as  to  the  locality  and  its  gas  consumption  are  reason- 
ably realized,  and  if  Hie  expected  life  of  the  main  is  approxi- 
mately experienced.  Unexpected  changes  in  general  distri- 
bution conditions  during  the  period  may  make  the  saving  less 
or  greater,  according  to  their  character  and  extent,  and  other 
unforeseen  contingencies,  such  as  pavement,  change  of  grade 
or  location,  may  cause  a  material  change  in  the  final  figures. 
Naturally,  however,  determinations  can  only  deal  with  a 
reasonable  estimate  of  the  future,  and  variations  over  any  con- 
siderable territory  will  doubtless  be  foimd  to  average. 

The  drift  of  engineering  opinion  is  naturally  toward  the  use 
of  cast  iron  for  underground  work  and  the  burden  of  proof 
for  consideration  rests  upon  the  pipe  of  shorter  life. 

The  case  for  steel  or  wrought  iron  pipe  may,  however,  be 
stated  thus: 

In  high  pressure  systems,  it  is  the  only  suitable  pipe  for  pres- 
sures above  5  pounds.  In  low  pressure  systems,  use  will  be 
found  for  it : 

Continually  for  2  inch  and  3  inch  mains  when  these  sizes 
are  indicated,  after  careful  consideration,  as  proper  for  per- 
manent need,  or  for  some  desired  temporary  service. 

Occasionally  for  4  inch  mains  during  periods  of  high  priced 
cast  iron  pipe,  or  in  organizations  not  equipped  for  laying  and 
maintaining  cast  iron  at  reasonable  cost. 

Seldom  for  6  inch  under  the  same  conditions. 

Choice  of  Screw  Pipe. 

Steel  vs.  Wrought  Iron. 

In  flie  choice  of  screw  joint  main  pipe,  as  between  wrought 
iron  and  steel,  the  gas  engineer  meets  the  same  problem  that 
has  confronted  him  for  years  in  his  service  pipes,  with  the 
additional  qualification  that  tensile  strength  is  an  important 
consideration  in  pipe  line  work.    The  effect  of  expansion  and 
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contraction  is  especially  severe  on  long  screw  joint  pipe  lines 
which  frequently  stretch  for  many  miles  without  bends.  It 
is  now  well  known  that  expansion  sleeves  at  intervals  are  but 
a  doubtful  safeguard.  Lying  occasionally  in  frozen  ground, 
or  in  soil  that  becomes  unexpectedly  hard  packed,  the  strain, 
even  with  a  carefully  planned  expansion  sleeve  protection, 
often  becomes  very  severe.  There  is  in  fact  a  difference  in 
opinion  among  high  pressure  engineers  today  as  to  whether 
sleeve  protection  can  be  sufficiently  well  planned  to  warrant 
its  use  in  screw  joint  work.  Two  large  companies  are  known 
to  lay  all  their  pipe  lines  without  the  use  of  expansion  sleeves. 
The  Western  United  Gas  and  Electric  Company  laid  9  miles 
of  8  inch  line  in  1910  without  sleeves,  to  test  this  proposition. 
Two  breaks  occurred  in  this  line  the  first  year;  in  both  cases 
the  line  pulled  apart  in  the  body  of  a  valve,  separating  2 
inches.  The  valves  and  fittings  were  then  protected  by  sleeves. 
One  more  break  followed,  this  time  in  a  coupling.  Two  years 
have  since  passed  without  any  additional  breaks.  This  break- 
age is  no  more  severe  than  has  occurred  in  other  lines  of  this 
company  laid  with  sleeves.  Thus  on  18  miles  of  8  inch,  laid 
in  1912,  with  expansion  sleeves  every  800  feet,  there  have  been 
two  breaks  caused  by  pulling  apart,  one  at  a  valve  and  one  at 
a  coupling.  The  practice  of  this  company  originally  was  to 
install  an  expansion  sleeve  every  500  feet,  and  at  present  it  is 
installing  them  every  1,000  feet.  This  practice  is  based  on  the 
conclusion  that  sleeve  protection,  unless  sleeves  are  used  at 
nearly  every  joint,  is  only  partially  dependable,  and  that  safety 
must  be  sought  principally  in  strength  of  pipe  and  fittings; 
but  that  the  entire  elimkiation  of  sleeves  is  not  desirable  as 
their  presence  in  the  line  at  reasonable  intervals  is  convenient 
in  its  maintenance. 

On  the  general  subject  of  comparative  physical  conditions 
the  followii^  has  been  kindly  contributed  by  Mr.  E.  R.  Mason 
of  the  National  Tube  Company, 

"Wrought  Iron  and  Mild  Steel  Pipe. 
"The  relative  merits  of  steel  and  iron  pipe  have  created 
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much  discussion.    The  average  physical  properties  of  the  two 
pipe  materials  may  be  taken  as  follows : 

Wroushl  Iron  pulled 
Pipe  Mefl  l^n^tudiiully 

Tensile  strength 58,000  lbs.  per  sq.  iu.  46,000  lbs.  per  sq.  it). 

Elastic  limit   34,000  lbs.  per  sq.  in.  28,000  lbs.  per  sq.  in. 

Elongation ia  per  cent,  in  8  ins.  11  per  cent,  in  8  ins. 

Reduction  in  area 55  per  cent.  35  per  cent. 

"Wrought  iron  will  vary  from  4  to  16  per  cent,  in  elonga- 
tion, whereas  steel  may  be  expected  to  range  from  ig  to  25 
per  cent.  Puddled  iron  pulled  transversely  seldom  gives 
35,000  pounds  per  square  inch  tensile  strength,  and  thus  elon- 
gation and  reduction  in  area  are  proportionately  low  and 
variable. 

"Comparing  the  chemical  properties;  wrought  iron  has  a 
trace  of  carbon,  while  soft  pipe  steel  has  approximately  0.07  of 
I  per  cent. ;  wrought  iron  has  0.15  of  i  per  cent  of  manganese, 
while  pipe  steel  has  0.30  of  i  per  cent. ;  wrought  iron  has 
about  2  per  cent,  of  oxides  and  slag,  while  pipe  steel  has  less 
than  0.15  of  I  per  cent.,  showing  that  steel  which  is  made  into 
pipe,  and  the  pipe  designated  as  'steel  pipe'  is,  in  fact,  a  purer 
iron  than  so-called  'wrought  iron  pipe.'  This  can  easily  be 
proved  by  heating  a  piece  of  steel  pipe  to  a  bright  red  heat, 
chilling  it  suddenly  in  water  and  then  crushing  it,  no  hardening 
will  be  noticed.  If  it  had  the  true  characteristic  properties  of 
ordinary  steel  it  would  show  same  by  being  fractured. 

"That  the  physical  superiority  of  pipe  steel  is  maintained 
in  the  finished  tubes  and  pipe  is  indicated  by  actual  bursting 
tests,  made  by  Prof.  R.  T.  Stewart,  on  many  lengths  of 
wrought  iron  and  mild  steel  pipe.  His  conclusion  from  these 
tests  is  that,  'Butt-welded  wrought  iron  pipe  is  70  per  cent, 
as  strong  as  similar  butt-welded  steel  pipe;  and  lap-welded 
wrought  iron  pipe  is  57  per  cent,  as  strong  as  similar  lap- 
welded  steel  pipe.'* 

"In  so  far  as  threading  is  concerned,  when  it  is  taken  into  con- 
sideration that  pipe  steel  is  softer  but  tougher  than  wrought 
iron,  and  threading  dies  designed  accordingly,  there  is  little 
•  Jonr.  A.  S.  M.  E.,  April,  191a. 


D.gnzed  by  Google 


154 

dififereace  in  the  power  required  to  thread  the  two  pipe  mate- 
rials. The  advantage  of  threading  all  welded  pipe  with  prop* 
eriy  designed  chasers  is  shown  by  Prof.  T.  N.  Thomson's 
investigation,  the  conclusion  of  which  follows : 

"  'It  shows  that  the  power  required  to  thread  mild  steel  pipe 
with  the  new  die  is  not  much  more  than  that  required  to 
thread  wrought  iron  with  the  same  die,  and  much  less  than 
the  power  required  to  thread  wrou|^t  iron  pipe  with  the  com- 
mon die.'* 

"Improvements  in  manufacture  have  removed  objections  to 
the  modem  pipe  material  until  the  superiority  of  mild  steel 
pipe  in  welding,  bending  and  threading  is  pretty  firmly 
established. 

"Corrosion. — Thus  it  may  safely  be  said  at  this  time  that  .the 
only  important  difference  in  opinion  which  exists  regarding 
pipe  is  on  the  question  of  corrosion.  For  some  time  after  steel 
pipe  was  first  introduced  there  was,  of  course,  lack  of  direct 
evidence  from  service  tests  on  pipe  so  that  conclusions  were 
rather  hastily  formed  by  many  from  general  observations  on 
iron  and  steel  of  various  kinds  used  for  widely  different  pur- 
poses, or  from  hearsay,  the  foundation  of  which  is  more  or 
less  mythical. 

"Steel  pipe  lines  have  now  been  in  use  for  nearly  20  years 
so  that  by  this  time  it  is  reasonable  to  expect  comparative 
results  from  service.  In  order  to  interpret  observations  and 
form  a  correct  conclusion  regarding  corrosion,  it  is  important 
to  have  a  clear  conception  of  what  is  going  on  when  iron  rusts. 
The  many  factors  which  enter  into  the  problem  make  it  a  com- 
plicated matter  to  arrive  at  comparisons  or  make  predictions 
of  the  life  of  iron  or  steel,  but  the  fundamental  conditions  are 
comparatively  simple,  involving  the  presence  together  of  free 
oxygen  and  water. 

"The  chemical,  or  more  strictly  speaking,  the  electro-chemical 
reactions  may  be  divided  into  two  stages :  first,  solution  of  a 
small  portion  of  iron ;  and  secondly,  oxidation  of  this  iron  to 
ferric  hydroxide,  commonly  known  as  rust.    The  red  oxide 

•  Proc,  A.  S.  H  and  V.  Engra,  1906. 
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thus  formed  is  insoluble,  therefore  when  precipitated  leaves 
the  way  clear  for  more  iron  to  enter  solution  and  for  the 
further  combination  of  iron  with  oxygen.  These  reactions 
will  continue  so  long  as  there  is  any  oxygen,  water  or  iron  left 
The  absence  of  either  water  oi"  free  oxygen  makes  corrosion 
impossible.  The  rate  of  corrosion  depends  among  other  things 
on  the  amount  of  each  of  these  elements  present.  The  theory 
of  corrosion  might  be  greatly  elaborated  but  would  not  be  of 
much  more  practical  use  in  explaining  what  we  are  all  so 
familiar  with  in  our  every  day  work.  The  rate  of  solution 
and  corrosion  of  iron  is  governed  principally  by  the  tempera- 
ture and  character  of  the  water,  galvanic  action  between  dis- 
similar materials,  electrolysis  from  stray  currents  and  many 
other  minor  influences. 

"It  is  surely  evident  then  that  there  is  nothit^  remarkable 
in  the  fact  that  pipe  will  sometimes  last  20  years  and  show  no 
serious  damage,  while  in  other  places  perhaps  not  far  away, 
it  will  be  perforated  in  a  year  or  so.  This  has  been  the  experi- 
ence with  wrought  iron  pipe  before  steel  was  thought  of,  and 
has  been  the  experience  with  both  materials  since  that  time. 

"In  discussing  this  question  before  the  American  Society  of 
Refrigerating  Engineers  in  St.  Louis,  1911,  Mr.  P.  De  C.  Ball, 
who  has  had  an  experience  of  33  years  with  pipe  for  refrig^ 
crating  purposes,  puts  his  conclusions  in  the  following  words: 

"  'From  33  years  of  personal  observation,  constructing,  erect- 
ing and  operating  ice-tnaking  and  refrigerating  machinery, 
absorption  and  compression  types,  and  using  iron  pipes  for  the 
first  14  years  and  iron  and  steel  pipe  for  the  next  19  years, 
we  are  convinced  that  local  conditions  only  govern  the  corro- 
sion of  pipes  in  refrigerating  and  ice-making  machines,  and 
that,  chemically  and  mechanically,  mild  steel  pipe  meets  the 
requirements  of  the  refrigerating  engineer  in  all  respects,  and 
better  than  other  pipe,  for  the  reason  that  it  is  superior  in 
point  of  finish,  strength,  strength  of  scam  and  uniformity  of 
material.' 

"It  has  been  found  that  the  rate  of  corrosion  is  much  more 
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dependent  on  conditions  external  to  the  metal  than  on  varia- 
tions in  the  metal  itself. 

"In  order,  then,  to  form  a  correct  conclusion  on  this  question 
it  is  evidently  of  prime  importance  to  know  whether  all  the 
conditions  surrounding  the  pipes  were  the  same  in  every  par- 
ticular. Laboratory  tests  have  been  conducted  under  approxi- 
mately natural  conditions  and  were  satisfactory  so  long  as 
there  was  no  better  evidence  from  practical  experience  (acid 
tests  are  not  referred  to  here,  as  they  are  usually  very  mis- 
leading) . 

"Based  on  several  years  of  investigation  in  the  laboratory  and 
field,  the  National  Tube  Company,  6  years  ago,  decided  to  dis- 
continue the  manufacture  of  wrought  iron  pipe  entirely.  It 
may  be  of  interest  to  outline  the  character  of  the  investiga- 
tions which  led  to  this  important  departure  in  practice. 
Opinions  and  so-called  experience  tmsupported  by  actual  com- 
parisons of  the  two  materials  under  the  same  conditions  were 
ignored  as  they  were  found  to  be  inconsistent  and  misleading. 
Ever  since  steel  pipe  has  been  made,  lap-welded  wrought  iron 
couplings  have  been  used  on  account  of  the  tendency  of  steel 
to  gall,  and  perhaps  because  the  tapping  machinery  was  in 
earlier  days  better  able  to  thread  the  wrought  iron — so  where 
local  corrosion  occurred  in  pipe  lines  there  was  always  some  of 
each  material  present.  Further,  as  steel  pipe  came  more  gen- 
erally into  use  it  was  apparently  a  common  accident  to  make  up 
both  materials  in  the  same  line.  The  latter,  under  internal 
corrosion,  affords  the  best  possible  comparison,  and  fortunately 
hundreds  of  such  cases  have  been  found  without  much  diffi- 
culty. All  these  investigations  have  shown  that  practically  no 
difference  exists  between  wrought  iron  and  steel  pipe  in  gen- 
eral, in  respect  to  corrosion. 

"Figs.  I  and  2  are  examples  of  the  above,  and  indicate  fairly 
the  results,  which  were  actually  compared  by  measuring  the 
depth  of  pitting  betow  the  original  surface  of  the  metal.  The 
results  of  corrosion  on  wrought  iron  and  steel  pipes  after  sev- 
eral years'  service  compared  in  this  way  show  no  practical 
difference.    Any  one  sufficiently  interested  can  investigate  pipe 
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corrosion  in  this  way — the  character  of  the  metal,  i.  e.,  whether 
iron  or  steel,  can  be  determined  with  a  little  practice  by  filing 
across  the  pipe  which  may  be  followed  with  etching  or  fracture 
tests  when  in  doubt. 

"Of  interest  to  members  of  the  American  Gas  Institute  are 
vmder^ouni  tests,  results  of  which  are  given  in  the  Proceed- 


ings, Vol.  Ill,  1908,  page  274,  and  Vol.  VII,  1912,  page  646. 
The  conclusion  of  the  former,  that,  'the  pitting  on  the  steel 
pipe  is  probably  more  general  all  over  the  surface,  but  the 
pitting  on  the  wrought  iron  pipe  is  deeper  in  the  spots  that 
are  affected'  is  interesting  in  view  of  the  fact  that  special 
mechanical  working  of  the  metal  is  done  in  National  Tube 
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Company's  mills  with  the  idea  of  securing  uniform  corrosion 
rather  than  pitting.  The  result  of  the  latter  test,  that  "We 
finally  concluded  that  from  the  viewpoint  of  corrosion  there 
was  but  little  to  choose  between  wrought  iron  and  steel  pipe"  is 
interesting  as  indicating  mild  steel  pipe  to  be  as  durable  as 
wrought  iron  in  underground  work,  just  as  this  point  has  been 
substantiated  under  the  many  other  conditions  of  service." 
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The  writer  does  not  consider  it  within  the  scope  of  this 
paper  to  take  decided  ground  upon  the  question  of  relative 
corrosion  which  has  been  disputed  for  years  between  the 
makers  of  the  two  kinds  of  pipe,  who  have  brought  to  their 
assistance  and  support  the  tests  and  opinions  of  many  learned 
experts. 

In  order  that  the  presentation  of  the  subject  might  be  en- 
tirely unprejudiced,  an  expression  from  wrought  iron  inter- 
ests was  also  invited  and  has  been  kindly  contributed  by  Mr. 
Ernest  A.  Moore  of  A.  M.  Byers  Company. 

Further  information  can  be  found  in  a  pamphlet  issued  by 
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rience." 

"Corrosion  op  Iron  and  Steel. 

"A  great  amount  of  discussion  has  taken  place  and  con- 
siderable investigation  has  been  made  in  attempts  to  discover 
the  reason  for  the  greater  resistance  to  corrosion  which  is 
shown  by  wrought  iron  than  steel.  The  advocate  of  steel 
usually  goes  very  fully  into  the  fact  of  greater  tensile  strength 
and  comes  to  a  conclusion  based  on  theoretical  investigation, 
that  there  is  very  little  difference,  if  any,  in  the  lasting  qualities 
of  the  two  materials. 

"It  is  not  the  intention  to  go  into  a  theoretical  discussion  of 
this  subject,  but  rather  to  point  out  some  of  the  facts  which 
may  be  recognized,  and  have  been  recognized  by  observant 
users  of  iron  and  steel,  although  frequently  persons  in  no  way 
specially  interested  nor  having  any  knowledge  of  the  materials 
other  than  in  their  uses.  As  a  result  of  these  observations  the 
chemist  and  engineer  are  endeavoring  to  discover  the  theory 
explaining  the  fact  that  genuine  wrought  iron  shows  a  very 
much  greater  resistance  to  corrosion  than  steel,  but  it  is  more 
the  fact  than  the  explanation  in  which  the  consiuner  is  inter- 
ested. 

"The  farmer  was  annoyed  to  find  that  his  steel  wire  fences 
were  rusting  out  in  5  or  6  years  and  less,  while  older  fences 
of  wrought  iron  were  still  in  service  after  more  than  20  years 
exposure.  His  complaints  to  the  Government  were  so  persist- 
ent and  general  that  the  Department  of  Agriculture  was  prac- 
tically forced  to  investigate  the  matter,  and  some  extracts  from 
the  writings  of  Mr.  AUerton  S.  Cushman,  Assistant  Director, 
Office  of  Public  Roads  of  the  United  States  Department  of 
Agriculture,  will  be  found  in  the  following  pages. 

"The  'old  fashioned'  wrought  iron,  which  Mr.  Cushman 
describes  as  made  by  the  'puddling  method,  which  yielded  most 
of  the  extremely  durable  wire  that  was  found  on  the  market 
many  years  ago*  contained  no  steel  scrap.  In  those  days  there 
was  no  steel  scrap  on  the  market,  but  of  late  years  it  has  been 
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so  plentiful  and  cheap  that  it  has  been  used  in  the  manufacture 
of  so-called  wrought  iron,  and  the  unsatisfactory  results  ob- 
tained from  this  product  have  done  much  to  further  compli- 
cate the  fair  comparison  of  iron  and  steel,  and  have  forced 
the  trade  to  refer  to  'genuine  wrought  iron,  made  by  the  hand 
puddling  process,  without  the  admixture  of  any  scrap'  when 
wrought  iron  is  required.  Iron  and  steel  have  different  weld- 
ing temperatures,  and  a  mixture  of  the  two  brings  about  a 
lower  grade  product  subject  to  laminations  and  flaws. 

"The  question  of  strength  is  usually  brought  up  in  connec- 
tion with  pipe,  and  may  be  dismissed  very  shortly.  Wrought 
iron  pipe  is  subjected  to  hydraulic  pressures  rangii^  from  750 
to  2,000  pounds  per  square  inch,  which  is  so  far  in  excess  of 
the  pressure  usually  found  in  service  that  the  ultimate  burst- 
ing strength  is  quite  irrelevant.  R^^rding  the  strei^th  of 
pipe  in  resisting  stresses  due  to  contraction  and  expansion  and 
other  stresses  in  service,  while  steel  may  show  an  additional 
tensile  strength  in  laboratory  test,  this  is  more  than  offset  by 
the  physical  qualities  of  wrou^^t  iron,  which  is  less  brittle, 
especially  at  low  temperatures,  and  will  adjust  itself  to  con- 
ditions more  readily  than  steel.  The  value  of  the  pipe  in 
maintaining  its  initial  strength  is  far  more  important,  and  this 
brings  us  back  to  the  resistance  to  corrosion  where  wrought 
iron  has  the  advantage. 

"It  is  the  common  experience  of  those  who  notice  buildings 
composed  of  sheet  steel,  also  roofs,  wire,  stove  pipe  and  other 
articles  in  general  use  which  were  formerly  made  of  wrought 
iron,  that  steel  docs  not  give  anything  like  the  service.  These 
general  facts  are  quite  undeniable,  but  it  is  very  difficult  to 
condense  the  evidence  to  show  a  scientific  proof  satisfactory  to 
the  chemist  and  engineer.  To  illustrate  this  point  we  may  cite 
the  case  of  the  chief  chemist  of  one  of  the  large  electrical 
companies  who  wished  to  contract  for  a  year's  supply  of 
wrought  iron  wire,  explaining  that-steel  wire  in  service  5  or  6 
years  was  being  replaced,  while  wrought  iron  wire  in  service 
over  20  years  was  in  a  fair  condition.  He  had  analyzed 
samples    of  the  steel  and  iron  wire,  but  had  been  unable  to 
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find  any  means  in  the  laboratory  which  indicated  this  proved 
superiority  of  wrought  iron,  and  was  acting  upon  the  results 
of  actual  service. 

"Another  phase  of  the  matter  is  shown  in  the  action  of  the 
steel  manufacturer  in  producing  what  is  known  as  'Spellerized 
pipe'  which  has  been  claimed  to  be  superior  to  ordinary  steel 
pipe  and  'equal'  to  wrought  iron.  The  only  reliable  test  of 
this  pipe  will  be  that  of  service,  but  on  analysis  we  cannot  find 
that  it  contains  ingredients  any  different  from  those  in  ordi- 
nary steel  pipe,  and  we  do  not  expect  that  service  will  show 
any  appreciable  difference  in  life.  The  resistance  to  corrosion 
in  wrought  iron  is  largely  due  to  the  presence  of  silicon,  and 
the  elimination  of  manganese.  It  will  be  noticed  that  it  is  in 
these  ingredients  the  greatest  difference  occurs  between  the 
iron  and  steel  in  the  following  analysis : 

Spellerized       Merchants         Genuine 
steel  steel  wrought 

pipe  pipe  iron  pipe 

Silicon   Trace  Trace  0.178 

Manganese 0.27  0.20  None 

Sulphur  0.032  0.046  0.029 

Phosphorus 0.077  0096  0126 

Carbon   0.085  O.062  0.074 

(Combustion) 
"On  page  18  of  Farmers'  Bulletin  No.  239,  Mr.  Cushman 
sets  out  the  following  conclusions : 

'i.  That  modern  Bessemer  and  open  hearth  steel  rusts  much 
more  rapidly  than  iron  wire. 

'2.  That  manganese,  especially  if  it  is  unevenly  distributed 
in  the  steel,  is  at  least  in  part  the  cause  of  the  trouble." 

"Regarding  electrolysis,  in  concluding  Bulletin  No.  30,  Mr. 
Cushman  says : 

"  '.  .  .  It  would  follow  from  the  electrolytic  theory  that  in 
order  to  have  the  highest  resistance  to  corrosion  a  metal  should 
either  be  as  free  as  possible  from  certain  impurities,  such  as 
manganese,  or  should  be  so  homt^eneous  as  not  to  retain 
localised  positive  and  negative  nodes  for  a  long  time  without 
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change.  Under  the  first  condition  the  irons  would  seem  to 
have  the  advantage,  but  under  the  second  much  would  depend 
upon  care  exercised  in  manufacture,  whatever  process  was 
used.' 

"Assuming  then  equal  care  in  manufacture  wrought  iron 
has  the  advantage,  and  further  it  may  be  said  that  in  the 
puddling  process  where  a  charge  weighs  between  500  and  600 
pounds  and  is  hand  worked  under  the  eye  of  a  competent 
puddler,  there  is  much  less  chance  of  the  charge  receiving 
uneven  heat  treatment  and  coming  out  'patchy,'  than  is  the 
case  with  the  open  hearth  process  where  one  charge  would  be 
about  twenty  times  as  great.  As  a  matter  of  fact  the  even 
grade  of  wrought  iron  is  proved  by  superior  cutting  and 
threading  qualities  which  are  very  well  known.  Large  quan- 
tities of  wrought  iron  pipe  are  sold  for  its  ease  of  working 
for  use  where  resistance  to  corrosion  is  of  minor  considera- 
tion, the  extra  cost  of  the  wrought  iron  being  justified  by  the 
saving  in  tools  and  labor. 

"Another  view  of  the  matter  may  be  gained  by  consideration 
of  the  relative  price  of  wrought  iron  and  steel.  The  cost  of 
production  of  wrought  iron  is  governed  very  largely  by  labor, 
and  while  improvements  have  been  made  in  methods  of  manu- 
facture, the  cost  has  not  been  reduced  in  the  same  proportion 
as  has  been  possible  in  the  steel  process,  and  we  now  find  a 
difference  of  about  30  per  cent,  in  the  price  of  wrought  iron 
and  steel.  In  view  of  this  difference,  increasing  recognition 
of  wrought  iron  is  in  itself  proof  that  after  the  test  of  long 
service,  which  is  admittedly  the  only  reliable  one,  genuine 
wrought  iron  has  proved  itself  to  be  far  superior  to  steel  in 
its  resistance  to  corrosion  and  in  its  machining  qualities. 

"Genuine  wrought  iron  is  made  by  the  hand  puddling  process 
from  straight  pig  iron  without  the  admixture  of  any  steel  or 
so-called  wrought  iron  scrap  whatever,  and  has  proved  in 
actual  service  to  be  more  than  300  per  cent,  longer  lived  than 
steel,  showing  that  the  slightly  increased  first  cost  is  of  no 
importance  compared  with  the  additional  length  of  life  in 
service." 
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Coatings  and  Coverings. 
On  account  of  the  well  established  fact  that  steel  and 
wrou^t  iron  pipes  are  more  susceptible  to  corrosive  action 
than  cast  iron  they  are  dependent  for  their  maximum  efficiency 
in  underground  service  upon  the  use  of  a  suitable  protective 
coating  or  covering  properly  applied.  Corrosion  in  under- 
ground pipe  systems  may  be  traced  to  either  or  both  of  two 
primary  causes:  the  chemical  action  of  the  soil,  and  electro- 
lytic action  from  stray  currents;  and  the  success  of  the  pro- 
tective agent  will  depend  upon  its  ability  to  resist  the  particular 
conditions  to  which  it  is  exposed.  Much  has  been  written  on 
this  subject  during  the  past  few  years  and  many  tests  made. 
Reference  may  particularly  be  made  to  a  comprehensive  paper 
prepared  by  Mr.  Robert  B.  Harper  for  the  Illinois  Gas  Asso- 
ciation meeting  in  1909,  entitled  "Comparative  Values  of 
Various  Coatings  and  Coverings  for  the  Prevention  of  Soil 
and  Electrolytic  Corrosion  of  Iron  Pipe."  Mr.  Harper  goes 
into  great  detail  and  cites  many  valuable  tests.  No  attempt 
will  be  made  here  to  extract  portions  of  Mr.  Harper's  observa- 
tions and  conclusions,  the  choice  and  limitation  of  which  ex- 
tracts would  be  difficult,  but  attention  is  invited  to  the  whole 
of  this  admirable  paper,  careful  study  of  which  cannot  fail  to 
be  of  service  to  all  who  are  interested  in  the  subject.  His  con- 
clusion in  favor  of  clean  coal  tar  pitch,  free  from  water,  acids 
or  soluble  mineral  matter  and  his  limitation  of  the  value  of 
cloth  or  paper  coverings  are  especially  interesting. 

Pipe  for  use  within  a  limited  distribution  area  is  usually 
coated  at  a  central  point  where  heat  is  available.  When  the 
dipping  method  is  used  the  bath  should  be  hot,  and  the  pipe 
should  remain  in  it  until  it  has  acquired  the  temperature  of 
the  bath.  When  the  painting  method  is  used,  both  the  pipe 
and  the  paint  should  be  hot.  Before  coating,  the  pipe  surface 
must  be  rubbed  or  brushed  clean  of  mill  scale  and  rust.  Care- 
lessness in  this  respect  is  responsible  for  many  quick  failures 
of  coatings.  If  rust  is  heavy,  a  coat  of  rust  removing  oil 
should  be  applied  before  cleaning.     The  coated  pipe  must  be 
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carefully  piled  with  each  length  isolated  by  the  use  of  vertical 
and  horizontal  separating  strips.  The  after  handling  and 
transportation  demands  most  careful  oversight  and  the  train- 
ing of  all  members  of  the  force  to  the  recognition  of  the  fact 
that  damaged  coating  is  no  coating  at  all  but  only  a  waste  of 
money.  It  is  in  this  respect  that  the  additional  protection  of 
cloth  or  paper  wrapping  becomes  of  particular  value,  and  when 
soils  are  unusually  bad  or  electric  currents  to  be  feared,  this 
extra  protection  should  be  used.  In  such  cases  the  under 
coating  may  be  given  the  additional  efficiency  of  extra  thick- 
ness and  hardness  without  fear  of  the  effect  of  brittleness,  the 
wrapper  receiving  a  thinner  and  more  flexible  coating.  For 
unusually  severe  electrolytic  conditions  heavily  pitching  the 
pipe  in  a  V-shaped  trough  is  of  especial  value. 

In  pipe  line  work  where  the  pipe  is  received  at  many  out- 
lying points  and  transportation  is  difficult  at  best,  coating  on 
the  job  is  generally  to  be  preferred.  In  such  cases,  a  portable 
or  traction  boiler  is  a  valuable  addition  to  the  equipment. 

Whatever  the  method  of  the  initial  coating,  or  the  care  with 
which  it  is  done,  some  re-coating  is  always  necessary  after 
the  pipe  is  laid,  and  this  must  necessarily  be  done  on  the  cold 
pipe.  The  coating  for  this  work  must  therefore  be  kept  at 
full  heat  and  the  best  of  care  given  the  work,  the  need  for  which 
should  be  minimized  in  the  handling  of  the  pipe  and  tools  to 
the  greatest  degree  possible. 

Main  Laying, 
In  taking  up  now  the  details  of  the  actual  laying  of  wrought 
iron  and  steel  mains  reference  may  be  made  to  the  paper  of 
Mr.  Walton  Forstall  before  this  meeting.  It  will  not  be  neces- 
sary to  here  repeat  the  general  details  and  data  therein  so  care- 
fully compiled  and  common  to  all  pipe  laying,  but  attention 
will  be  directed  to  certain  differences  in  organization,  equip- 
ment, and  other  details  caused  solely  by  the  use  of  a  different 
character  of  material. 

Organization — City  Work. 
In  all  city  or  small  town  work  the  question  of  organization 
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is  of  much  less  importance  than  in  cast  iron  work.  Any  com- 
petent service  man  or  fitter,  with  sufficient  executive  ability  to 
direct  the  larger  gang  of  men,  and  a  little  preliminary  training 
in  the  handling  of  dirt  and  pavement,  can  be  entrusted  with 
the  laying  of  screw  joint  mains,  subject  to  the  usual  oversight 
of  a  local  manager,  superintendent  or  general  foreman.  The 
main  gang  is  often  in  fact,  especially  in  the  smaller  towns,  only 
a  service  gang  temporarily  enlarged,  and  needs  no  separate 
special  organization. 

Pipe  Lines. 
The  organization  for  laying  a  long  country  pipe  line  is  of 
more  special  and  particular  character.  It  is  generally  of  suffi- 
cient importance  in  any  organization  to  warrant  a  special  work 
order,  and  the  direct  supervision  of  the  engineering  depart- 
ment.   Special  and  careful  arrangements  are  necessary — 

1.  For  the  unloading,  handling  and  placing  of  the  long  mile- 
age of  pipe  required. 

2.  For  the  coating  of  the  same. 

In  city  work,  pipe  is  ordinarily  and  most  economically  coated 
at  some  central  point  and  the  coated  pipe  carefully  distributed. 
In  pipe  line  work  there  is  not  an  established  plant  for  coating 
at  each  unloading  point,  and  the  delivery  over  long  stretches 
of  road,  frequently  rough,  cannot  always  be  controlled  in  such 
measure  that  the  coated  pipe  may  be  properly  protected.  It 
will  be  found  far  better  in  pipe  line  work  to  coat  the  pipe  after 
the  same  has  been  distributed,  and  for  this  purpose  a  traction 
or  other  portable  form  of  boiler  is  very  desirable.  Such  a 
boiler  is  moved  along  the  line,  heating  each  length  of  pipe 
through  a  rubber  hose,  the  painting  gang  follows  closely,  and 
the  pipe  carefully  placed  on  blocks,  is  ultimately  given  two 
good  coats,  and  is  ready  for  laying  as  soon  as  the  coating  is 
dry. 

3.  For  necessary  housing  and  commissary  arrangements, 
transportation  of  men  and  material  and  communication. 

4.  For  the  actual  organization. 

A   general    foreman   should   be   placed   in   charge   of   the 
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entire  pipe  line  job,  and  great  care  should  be  used  in  choosing 
this  man.  It  must  be  realized  that  the  work  is  frequently 
isolated,  and  that  decisions  must  often  be  quickly  made  with- 
out reference  to  the  supervising  ofHcials.  This  foreman 
should  be  a  man  experienced  in  dealing  with  high  pressure 
gas ;  a  man  of  tact,  and  able  to  deal  with  questions  that  may 
come  up  suddenly  along  the  right  of  way,  and  he  should  be 
a  good  executive,  especially  able  to  handle  the  many  foreign 
races  of  men  who  are  employed  on  this  class  of  work.  He 
should  be  provided  with  some  means  of  reasonably  quick 
transportation.  This  should  preferably  be  a  wagon  or  motor 
capable  of  making  emergency  delivery  of  material  from  the 
nearest  freight  station. 

The  men  on  the  work  should  be  divided  into  plowers,  dig- 
gers, pipe  layers,  recoating  and  testing  men  and  ditch  fillers. 

The  plowing  gang  will  consist  of  a  foreman  on  the  plow, 
and  a  driver  for  each  team  of  horses,  from  4  to  8  horses 
being  used  according  to  the  character  of  the  soil. '  It  is  de- 
sirable, as  far  as  possible,  in  hiring  teams  for  pipe  line  work, 
to  obtain  them  from  the  fanners  along  the  road,  thus  pro- 
moting good  feeling.  The  first  furrow  is  turned  with  a  break- 
ing plow,  and  this  is  followed  with  a  special  rooter  made 
with  contracted  handles  to  enable  deep  plowing.  The  plowing 
should  turn  the  earth  to  a  depth  of  2  feet  6  inches,  and  the 
furrow  should  be  made  as  straight  and  true  as  possible. 

The  size  of  the  digging  gang  will  be  determined  by  the 
nature  of  the  soil  and  the  speed  of  the  pipe  gang.  These  men 
should  have  a  foreman  of  their  own  nationality,  and  as  far 
as  posible  only  one  race  should  be  employed.  The  foreman 
is  generally  a  padrone  and  the  general  foreman  in  charge 
should  attend  to  his  development  for  the  particular  necessities 
of  the  work. 

Each  pipe  gang,  and  there  may  be  one  or  more  of  these 
according  to  the  speed  desired,  the  work  being  divided  up 
into  sections,  should  be  in  charge  of  an  experienced  pipe 
man.  and  he  should  be  allowed  to  recruit  his  gang  from  the 


D.gnzed  by  Google 


i68 

most  intelligent  of  the  laborers.  Generally  some  men  of 
experience  are  found  in  these  laboring  gangs  who  are  capaUe 
of  acting  as  helpers.  If  not,  a  man  must  be  sent  from  the 
fitting  shop,  as  there  should  be  at  least  one  good  man  in  each 
gang  capable  of  assisting  the  foreman  in  the  handling,  enter- 
in;  and  screwing  of  the  pipe.  For  4  inch  pipe,  a  total  of  5 
men,  in  addition  to  the  foreman,  is  desirable  in  each  p^ 
gang.  Eight  inch  pipe  will  require  12  men  and  other  sizes 
in  proportion.  The  pipe  gang  attends  -to  the  reversing  of 
couplings,  doping  joints,  and  to  swabbing  out  which  is  always 
carefully  done  with  each  piece  of  pipe  before  laying.  This 
gang  also  puts  on  all  sleeves,  valves  and  other  special  fittings. 

The  testing  gang  may  consist  of  one  or  more  men  accordii^ 
to  the  speed  required,  and  any  intelligent  English  speaking 
laborers  may  be  employed,  working  under  the  supervision  of 
the  general  foreman.  These  men  turn  the  pressure  on,  make 
the  soap-suds  test,  and  mark  and  report  all  leaks  to  the  general 
foreman,  who  should  directly  supervise  the  placing  of  the 
leak  clamps  or  the  tightening  of  the  joint  if  that  be  possible. 

For  filling,  a  willed  plow  is  used,  followed  by  a  road 
grader,  with  necessary  men  and  horses  to  each,  according  to 
the  character  of  the  earth. 

Digging  Machines. 
With  the  gradual  perfecting  of  gasoline  driven  digging 
machines,  the  possibilities  of  these  machines  for  long  stretches 
of  uninterrupted  work  are  becoming  more  interestii^  to  dis- 
tribution engineers.  These  possibilities  are  especially  evident 
in  connection  with  cross  country  pipe  lines,  and  particularly 
so,  it  may  be  observed,  in  relation  to  the  growing  scarcity  of 
common  labor,  which  is  being  apprtdably  felt  at  the  present 
time.  Where  dij^;ing  machines  can  be  employed,  the  plowing 
and  digging  gangs  become  unnecessary,  the  pipe  gang  is 
slightly  enlarged  and  is  used  to  take  care  of  the  small  amount 
of  digging  required  over  crossii^s  or  any  spots  necessarily 
skipped  by  the  machine.    The  camp  to  be  maintained  is  much 
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smaller,  equipment  much  more  limited,  and  the  whole  organ- 
ization becomes  more  simple,  which  is  a  matter  of  no  small 
considemtion  in  isolated  country  work. 

The  purchase  of  a  trenching  machine  of  course  presupposes 
enough  work  coidemplated  to  warrant  the  expenditure. 

In  this  class  of  work  there  are  certain  requirements  which 
a  machine  must  iill  before  it  can  be  considered  at  all.  First,  it 
must  be  comparatively  light  on  account  of  possible  rou|^ 
roads,  and  the  fact  that  pipe  lines  are  ordinarily  laid  between 
the  wagon  road  and  the  fence  line.  On  a  country  road  thk 
implies  gullies,  ditches,  streams  of  water,  swampy  places  and 
rough  going  generally,  which  necessitates  considerable  blocking. 
Second,  it  must  be  of  narrow  beam  so  that  it  will  not  block 
the  whole  road,  and  so  that  it  can  be  worked  between  the  road- 
way and  the  fence  when  the  road  is  highly  piked.  Third,  it 
must  operate  on  a  convenient  form  of  fuel,  as  a  large  part 
of  pipe  line  work  is  in  isolated  spots.  Fourth,  it  must  be  well 
constructed.  Frequent  delays  on  account  of  break^e  will 
hold  up  t^e  pipe  laying  gang,  and  soon  increase  the  cost  to  a 
figure  higher  than  hand  trenching.  Fifth,  it  must  be  able  to 
maintain  a  fairly  high  rate  of  speed  when  working  under  fav- 
orable conditions.  This  is  necessary  in  order  that  the  average 
ditch  dug  under  all  conditions  will  be  sufficient  to  keep  ahead 
of  the  pipe  gang.  Sixth,  it  should  throw  the  dirt  toward  but 
one  side  of  the  ditch,  toward  the  road,  leaving  the  other  side 
free  for  working.  It  should  be  interchangeable  in  order  that 
it  can  run  on  either  side  of  the  road,  and  it  should  throw  the 
dirt  close  to  the  edge  of  the  ditch  so  that  back  filling  will  be 
easy.  Seventh,  it  must  trench  cheaply.  The  cost  per  foot  must 
show  enough  saving  to  pay  for  the  interest  and  depreciatiwL 

A  brief  description  of  a  machine  thought  to  fill  these  re- 
quirements and  now  in  use  on  pipe  line  work  under  the  writer's 
supervision  may  be  of  interest.  This  machine  was  purchased 
this  spring  at  a  cost  of  $5,000  and  immediately  put  to  work 
to  dig  a  continuous  stretch  of  30  miles.  It  is  of  the  endless 
chain  bucket  type  and  is  driven  by  a  25  horse-power  4  cylinder 
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gasoline  engine,  water  cooled.  Its  dimensions  are — length  36 
feet  from  end  to  end  when  the  boom  is  out  of  the  ground  for 
road  travel  or  on  car ;  width  over  all  8  feet,  height  12  feet, 
wheel  base  13  feet.  Its  weight  is  2'^fiOO  pounds.  It  cuts  a 
trench  18  inches,  22  inches,  24  inches  or  28  inches  wide  and 
any  depth  up  to  10  feet,  at  a  graduated  speed  of  from  i  to  5 
feet  per  minute,  depending  upon  the  width  and  depth  required 
and  the  nature  of  the  soil.  The  dirt  is  thrown  by  a  conveyor 
to  either  side  of  the  road,  and  by  using  the  deflector  provided, 
can  be  thrown  within  one  foot  of  the  edge  of  the  ditch. 

The  traction  wheels  consist  of  a  multipedal  apron  on  each 
side  of  the  machine.  This  permits  its  being  run  through  very 
soft  ground  without  becoming  mired.  It  is  strongly  and  simply 
constructed  throughout,  the  parts  receiving  the  heaviest  wear 
being  constructed  of  manganese  steel.  It  has  a  road  speed  of 
2  to  3  miles  per  hour  when  running  from  one  job  to  another, 
and  it  can  be  easily  loaded  on  a  flat  car  under  its  own  power 
when  desired  for  transportation  to  distant  points. 

The  possibilities  of  this  machine  may  be  seen  by  the  daily 
reports  of  work  done  from  May  10  to  May  24,  1913.  The 
reports  show: 


Dote 

Dislaiice 

Total  coat 

Cost  per  fool 

May  10 

1450 

feet 

$11.38 

0.0078 

May  11 

926 

feet 

11.80 

0.0127 

May  12 

1.430 

feet 

13.38 

0.0093 

May  13 

S<x> 

feet 

8.02 

0.0143 

May  14 

rain 

May  15 

1,020 

feet 

9.65 

0.0094 

May  16 

1,200 

feet 

11.50 

0.0096 

May  17 

1,250 

feet 

11.25 

0.009 

May  18 

630 

feet 

9.49 

O.OI5I 

May  19 

1,300 

feet 

■3.35 

0.0103 

May  20 

rain 

May  21 

rain 

May  22 

rain 

May  23 

785 

feet 

9.03 

O.OI15 

May  24 

■  ,257 

feet 

II.51 

0.0091 

D.,m.db,  Google 


I/I 

A  total  distance  of  ii,8o8  feet  in  ii  actual  working  days,  at 
a  total  cost  of  $120.36,  or  1,073  fc*t  per  day  at  1.02  cents  per 
foot.  This  cost  includes  the  operator  and  assistant,  board  bill 
of  the  operator,  some  teaming,  gasoline,  lubricants  and  a  few 
minor  repairs.  It  does  not  include  the  wages  and  board  of 
the  operator  during  the  rainy  days  which  brii^  the  cost  up  to 
1. 15  cents  per  foot.  This  digging  was  done  through  a  very 
wet  sticky  clay,  some  gravel  with  a  few  rocks,  roots  of  trees, 
etc.  The  ditch  was  24  inches  wide  and  4  feet  deep.  Ground 
conditions  were  favorable  to  the  extent  that  little  blocking  was 
required. 

The  advantages  of  machines  of  this  character,  namely,  low 
cost  per  foot,  simpIiEed  organization,  and  freedom  to  a  large 
extent  from  labor  troubles,  are  so  manifest  that  their  increased 
use  on  work  of  this  description  seems  assured. 
Equipment. 
For  laying  2,  3  and  4  inch  low  pressure  screw  joint  mains  in 
a  town  or  city,  the  necessary  equipment  is  as  follows : 

4    3  inch  bags 

4    4  inch  bags 

3     Tamping  bars 

2     Tunneling  bars 

2    Rock  drills 

1     Steel  brush 

I     Bucket  (galvanized  iron)  and  2  cups 

I     Fitter's  tool  cart 

I     Laborer's  tool  cart 

I     No.  2  pipe  cutter 

I     No.  4  pipe  cutter 

I    Chisel  bar 

1  Cold  chisel 

Fittings  and  nipples,  assortment 

2  14  inch  bastard  files 

1  Machinist's  hammer 

2  Striking  hammers,  10  pounds 
I     18  pound  sle<^e 

200    feet  of  hose  with  hydrant  connection 
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8  Red  kerosene  lanterns 

1  i8  inch  level 

I  Line  (ditch),  250  feet 

I  Tape  line,  50  feet 

1  Oil  can 

2  Gallons  pipe  paint  and  brushes 
Pipe  dope  and  brush 

10  Picks  {3  extra  handles) 

25  feet  ^  inch  rope 

10  Shovels 

10  Spades 

.  Soap,  test  can  and  brush 

I  Tapping  machine,  dies  ^  inch  to  2  inches 

1  Pair  chain  tongs 

I  Wrench  or  lay  tong,  3  inches  and  4  inches. 

I  36  inch  Stillson  wrench 

1  24  inch  Stillson  wrench 

2  18  inch  Stillson  wrenches 

1  12  inch  monkey  wrench 
10    Yards  wrapping  (muslin) 

For  high  pressure  street  main  work,  the  equipment  is 
approximately  the  same.  Gas  bags  are  not  needed.  The  extra 
fittings  should  be  all  high  pressure  type,  and  include  valves, 
extra  sleeve  rubbers,  saddles,  etc.  Tapping  machines  and  taps 
must  be  all  high  pressure  type.  Also  add  valve  keys  and  tee 
saddle  shut-off  plugs. 

The  following  equipment  is  necessary  for  laying  a  3  inch  or 
4  inch  high  pressure  pipe  line.  Changes  for  other  sizes  are 
self-evident : 

4    Tunneling  bars 

2  Rock  drills 

3  Steel  brushes 

2  Galvanized  iron  buckets  and  2  cups 

I  Fitter's  tool  cart 

I  Laborer's  tool  cart 

r  Pair  pipe  cutters  (3  wheel),  6  extra  wheels 

I  Chisel  bar 
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I     Cold  chisel 

FitdnfS  and  nipples,  assortment,  shop  tested 
6    14  inch  flat  bastard  files 

1  Machinist's  hammer 

2  10  potind  strikii^  hammers 
I     18  pound  sledge 

18  Red  kerosene  lanterns 

I  Dozen  extra  lantern  burners 

I  Dozen  wicks 

I  Dozen  globes 

I  18  inch  level 

I  Trench  line,  500  feet 

1  Tape  line,  100  feet 

2  Oilcans 

5  Gallons  pipe  paint  and  brushes 
50    Pounds  pipe  dope  and  brushes 

Picks  (i  for  each  laborer  plus  6  extra),  also 
I  dozen  extra  handles 

6  3  inch  wooden  plugs 
6  4  inch  wooden  plugs 
I    Breaking  plow 

I     Rooter  plow 
I     Wing  plow 

1  Road  grader 

75     Feet  of  rope,  ^  inch 

Shovels  (i  for  each  laborer  and  6  extra) 
Spades  ( t  for  each  laborer  and  6  extra) 
Soap,  3  test  cans  and  brushes 

2  Wrenches  or  lay  tongs,  3  inches  and  4  inches 
I     Pair  chain  tongs 

I  Tapping  machine,  }i  inch  to  ^  inch 

I  36  inch  Stillson  wrendi 

I  24  inch  Stillson  wrench 

1  18  inch  Stillson  wrench 

2  14  inch  Monkey  wrenches 
I  Valve  key 

Portable  or  traction  boiler  for  pipe  coating 
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Trenching  and  Laying. 

For  cast  iron  work  Mr.  Forstall  gives  18  inches  as  a  satis- 
factory width  of  trench  for  all  sizes  of  pipe  up  to  and  including 
8  inch.  The  trench  for  screw  joint  pipe  is  made  of  uniform 
width  throughout.  This  width  must  be  sufficient  for  the  proper 
handling  of  the  pipe  in  the  ditch,  where  it  is  screwed  up  in 
the  ditch,  including  the  recoating  of  the  same,  and  should 
preferably  be  18  inches  for  pipe  up  to  and  including  3  inches 
in  size,  20  inches  for  4  inch  pipe,  22  inches  for  6  inch  pipe,  and 
24  inches  for  8  inch  pipe.  Where  pipe  is  screwed  up  on  top 
and  afterwards  lowered  in  the  ditch,  especially  in  the  case  of 
the  smaller  sizes  for  high  pressure  town  work,  a  ditch  as 
narrow  as  12  inches  may  be  found  satisfactory. 

The  usual  practice  in  low  pressure  city  work,  2,  3  and  4 
inch  pipe,  is  to  joint  all  pipe  in  the  ditch  and  block  carefully 
as  in  cast  iron  work.  On  account  of  the  strength  of  the  pipe 
stone  blocking  can  be  used  provided  this  is  cheaper  or  more 
convenient.  The  grading  must  be  carefully  done  and  the 
grade  increased  slightly  with  the  smaller  sizes.  All  pipe, 
whether  for  low  or  high  pressure  work,  should  be  ordered 
with  loose  couplings,  and  the  couplings  should  in  all  cases 
be  removed  and  the  threads  redoped.  Each  length  of  pipe 
should  be  carefully  cleaned,  the  thread  entered  with  great 
care  and  the  pipe  screwed  up  until  the  joint  practically  refuses 
to  turn  farther.  Judgment  as  to  the  exact  strain  or  "feel  of 
the  joint"  can  only  be  gained  by  experience.  It  must  be  borne 
in  mind  that  the  secret  of  tight  joints  lies  mainly  in  full  union 
of  thread  and  coupling,  and  that  careful  work  should  prac- 
tically never  show  a  leak  under  ordinary  gas  pressure.  Low 
pressure  work  of  this  character  is  generally  tested  under  the 
ordinary  gas  pressure  using  soap  suds,  practically  the  same 
test  as  is  given  service  piping.  The  general  experience  is  that 
leaks  are  exceedingly  few  in  low  pressure  construction,  and 
can  usually  be  corrected  by  pulling  up  the  pipe.  Inquiry 
made  of  one  system  of  considerable  size  brought  the  state- 
ment that  for  several  years  they  had  not  found  it  necessary 
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to  use  a  single  leak  clamp  in  correcting  leakage  in  their  low 
pressure  construction. 

For  retouching  tool  marks  and  at  joints,  the  smaller  sizes 
of  pipe  may  be  lifted  by  hand,  while  in  the  larger  sizes  the 
dirt  must  be  removed  to  allow  the  under  side  of  the  pipe  to 
be  reached. 

In  high  pressure  work  the  question  of  exact  grade  is  not 
of  the  same  importance  as  in  low  pressure  construction.  The 
moisture  can  be  forced  along  the  pipe,  and  it  can  usually  be 
entirely  removed  in  the  first  mile  of  pipe  line,  after  which 
grading  becomes  of  little  importance.  It  is  customary  to 
grade  pipe  lines  to  the  extent  of  avoiding  an  unnecessary 
number  of  pockets  or  low  places,  but  this  does  not  mean  a 
careful  grade  such  as  is  necessary  in  low  pressure  work; 
blocking  is  not  used,  and  the  pipe  is  best  allowed  to  rest  upon 
the  solid  ground  of  the  trench  as  excavated.  Low  places  are 
recorded,  but  it  is  not  customary  to  install  drips  after  the 
first  mile  or  two. 

Opinions  and  practices  differ  regarding  the  relative  advan- 
tages of  jointing  high  pressure  pipe  line  in  the  ditch  or  upon 
the  bank.  Both  practices  have  their  strong  adherents,  advo- 
cating the  greater  efficiency  of  their  particular  method.  In 
wet  country  the  advantage  is  unquestionably  with  the  outside 
method,  and  pipe  may  be  successfully  jointed  and  lowered 
into  ditches  filled  with  water,  the  water  in  fact  acting  as  an 
excellent  testing  medium.  Where  pipe  is  jointed  on  the 
bank,  it  is  usually  retouched  before  being  lowered  into  the 
ditch,  but  the  final  test  must  invariably  be  made  after  it  is 
finally  bedded.  In  small  pipe  work  such  as  is  found  in  town 
high  pressure  distributing  systems,  sizes  from  i  inch  to  2  inch, 
with  the  bulk  of  the  system  probably  iH  inches  and  i^  inches, 
the  practice  is  quite  generally  followed  of  stringing  the  pipe 
on  wooden  supports  over  the  center  of  the  trench,  retouching 
and  lowering  at  short  intervals.  Work  of  this  character  is 
seldom  laid  to  careful  grade,  and  no  blocking  is  used,  as  the 
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presence  of  moisture  is  not  feared  in  these  areas.  Trendies 
in  these  cases  may  be  cut  very  narrow. 

High  pressure  piping  is  preferably  tested  with  gas  at  a 
pressure  exceeding  the  maximum  which  the  line  will  be  called 
upon  to  stand.  Where  town  piping  is  operated  at  a  reduced 
pressure  controlled  by  a  governor,  it  is  frequently  possible  to 
obtain  this  condition,  by-passing  the  governor,  and  testing 
the  new  mains  with  the  ftill  pipe  line  pressure.  In  the  case 
of  pipe  tines  it  is  not  always  practicable  to  obtain  even  the 
maximum  gas  pressure  at  alt  times  for  testing ;  in  such  cases 
air  pressure  may  be  resorted  to,  but  this  is  less  reliable  and 
many  engineers  prefer  to  test  their  pipe  lines  with  gas  at  a 
lower  pressure  than  with  air  at  the  desired  pressure.  Pipe 
lines  testing  bottle  tight  at  25  pounds  pressure  wilt  be  almost 
invariably  found  tight  at  50  poimds,  and  while  testing  at  half 
pressure  is  not  desirable,  if  it  can  be  avoided,  it  may  be  reason- 
ably depended  upon  when  necessary.  AU  testii^  should  be 
done  with  soap  suds  and  by  careful  men,  carefully  supervised. 
Pipe  lines  are  generally  tested  in  sections  of  one-half  mile  or 
more  between  valve  stations,  and  the  testii^  must  invari^ly 
be  done  after  the  pipe  is  on  its  bed.  The  position  and  char- 
acter of  the  teaks  will  determine  whether  or  not  an  attempt 
can  be  made  to  take  them  up  in  the  joint.  If  the  first  work 
has  been  carefully  done,  it  is  seldom  found  that  after  leak^e 
can  be  corrected  in  the  joint  and  the  cause  in  such  cases  will 
be  found  in  the  fi,t  of  the  joint  itself.  Such  leakage  can  only 
be  corrected  by  the  use  of  leak  clamps,  and  these  damps,  care- 
fully applied,  are  found  secure  and  rdiable.  With  well  made 
pipe  and  good  work  on  the  job,  the  number  of  leak  damps 
necessary  should  not  average  in  pipe  line  work  over  10  to  the 
mile. 

In  screwing  up  all  pipe,  great  care  should  be  taken  to  injure 
the  coatii^  as  little  as  possible.  In  the  smaller  sizes  much 
of  the  first  turning  can  be  done  by  hand.  In  the  large  sizes 
fbe  prdiminary  screwing  up  can  be  best  done  with  a  k^ 
twist,  which  is  both  quick  and  efficient.    Wrenches  and  tongs 
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should  be  applied  close  to  the  couplii^  and  moved  as  little 
as  possible. 

At  all  points  where  pipe  lines  or  other  long  stretches  of 
screw  joint  pipe  change  direction,  not  in  the  neighboriiood  of 
a  flexible  joint,  the  trench  should  be  widened  out  at  least  i 
foot  the  entire  length  of  the  bend.  The  study  of  a  large 
number  of  pipe  line  breaks  has  developed  the  fact  that  the 
breakage  is  e^ecially  severe  during  the  first  year  when  the 
pipe  is  seekii^  its  final  bed,  and  that  a  laige  pn^rtion  of 
such  adjustment  breaks,  if  they  may  be  so  termed,  occur 
where  there  is  a  change  of  direction  in  hard  soil. 
Fittings. 

The  choice  of  ftfcrings  in  low  pressure  work  lies  between 
malleable,  cast  iron,  and  iittings  of  the  Dresser  type,  hereafter 
referred  to  for  convenience  as  slip  fittings.  For  high  pressure 
work  the  choice  is  between  extra  heavy  cast  iron,  slip  fittings, 
and,  in  the  smaller  sizes,  galvanized  malleable.  The  principal 
objection  to  ordinary  malleable  fittings  is  found  in  the 
threads.  Experience  shows  that  cast  iron  fittings  are  more 
trustworthy  in  this  respect,  and  that  pipe  laid  with  these  fit- 
tings develops  less  after  leakage  than  when  laid  with  malleable. 
Cast  iron  fittings  used  on  high  pressure  work  should  always 
be  extra  heavy,  as  the  additional  strength  is  of  advantage,  and 
,the  fittings  themselves  are  more  likely  to  test  tight.  All  fitUngs 
installed  in  high  pressure  work,  except  slip  fittings  which  can 
be  easily  removed,  should  be  tested  as  to  tightness  in  the 
body  of  the  fitting  itself  before  being  installed  in  the  line. 
Careful  work  in  this  respect  will  save  much  after  expense. 
Galvanized  malleable  fittings  may  be  safely  used  in  the  smaller 
sizes  of  high  pressure  work,  ly^  inch  and  smaller.  Ordinary 
malleable  fittii^  should  never  be  used  in  high  pressure  work 
because,  in  addition  to  the  objection  above  cited,  there  is  the 
additional  objection  of  porosity.  Slip  joint  fittings  have  the 
advantage  of  easy  installation ;  they  are  generally  well  made, 
without  any  objection  as  to  porosity,  and  they  provide  for 
expansimi  and  contraction.    The  disadvantages  may  be  found 
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in  the  life'  of  the  gaskets,  and  in  the  difficulty  of  renewal  of 
these  gaskets  in  all  slip  joint  fittings  other  than  sleeves.  The 
renewal  of  a  gasket  in  the  case  of  a  sleeve  is  easily  made  by 
sliding  the  sleeve  upon  the  pipe.  In  the  case  of  a  slip  joint 
tee  or  cross,  the  fitting  cannot  be  slid  back  and  forth,  and  the 
renewal  of  a  whole  gasket  cannot  be  accomplished.  This  ob- 
jection has  been  somewhat  overcome  in  the  case  of  rubber 
gaskets  by  the  use  of  a  split  rubber,  with  the  joint  cut  on  an 
angle,  and  these  split  rubbers  have  proved  quite  successful  in 
practice  when  carefully  cut  and  applied.  The  life  of  rubber 
gaskets  as  used  in  these  slip  joint  fittings  is  a  subject  which 
deserves  more  careful  study  than  it  has  received.  In  many 
cases  these  gaskets  are  found  to  suffer  practically  no  deterior-' 
ation  at  all  as  time  goes  on.  The  writer  recently  examined 
a  rubber  gasket  which  had  been  underground  for  7  years,  and 
was  in  its  original  condition,  absolutely  perfect  as  far  as  could 
be  observed.  The  sleeve  in  which  this  was  used  was  lying  in 
dry  soil,  well  drained,  at  a  depth  of  about  3  feet.  On  the  other 
hand,  these  gaskets  have  been  known  to  deteriorate  very 
rapidly.  This  can  frequently  be  traced  to  abrasion  due  to 
constant  movement  of  the  pipe  within  the  joint,  as  in  the  case 
of  sHp  joint  fittings  used  in  proximity  to  exposed  lines,  such 
as  bridge  lines.  In  these  cases  the  gaskets  wear  rapidly,  and 
slip  joint  httings  used  to  take  up  expansk>n  of  this  character 
need  frequent  and  careful  attention.  Aside  from  this,  there 
is  occasionally  failure  of  the  rubber  ttself,  doubtless  due  in 
many  cases  to  the  chemical  action  of  the  soil  upon  the  rubber ; 
also  where  the  gas  transmitted  contains  any  considerable  por- 
tion of  condensible  hydrocarbons,  deterioration  of  gaskets  will 
be  accelerated.  One  manufacturer  of  slip  joint  fittings  has 
recently  placed  upon  the  market  two  special  types  of  rubber 
gaskets,  one  tipped  with  duck  and  the  other  with  lead.  These 
are  especially  designed  to  resist  the  effect  of  abrasion,  and 
gaskets  of  each  type  are  now  under  observation,  but  suf^cient 
time  has  not  elapsed  to  express  an  opinion. 

Another  manufacturer  has  lately  placed  upon  the  market 
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an  asbestos  gasket  which  is  claimed  to  remain  tight  and  unim- 
paired under  all  conditions.  Mr.  W.  I.  Battin  kindly  gives 
the  following  account  of  his  experience  with  these  gaskets: 

"We  really  have  had  very  little  experience  with  asbestos 
gaskets,  although  we  started  a  year  ago  using  nothing  but 
asbestos  gaskets,  both  for  artiticial  gas  and  for  natural  gas. 
We  did  this  after  getting  what  little  information  was  avail- 
able throughout  the  country,  but  more  particularly  because  we 
had  found  that  in  our  own  experience  through  the  past  years, 
where  we  had  trouble  with  the  rubber  gaskets  being  eaten  out 
because  of  deposit  of  hydro-carbon  from  the  gas  we  were 
able  to  overcome  this  trouble  by  putting  asbestos  in  ahead  of 
rubber  gaskets. 

"Our  workmen  in  the  other  towns  had  also  used  asbestos  a 
great  deal  in  previous  years  where  they  had  been  shy  on  rubber 
gaskets,  and  the  examination  of  the  old  sleeves  which  had  been 
taken  out  for  various  reasons  showed  that  they  had  held  tight. 

"Now  in  the  new  work  which  we  did  last  year,  we  used 
perhaps  500  8-inch  gaskets  on  artificial  gas  and  probably  4,000 
i^-inch  gaskets  and  a  few  of  other  sizes,  and  while  our  men 
seem  to  think  that  they  make  up  just  as  tight  at  the  start  as 
the  rubber  gaskets,  of  course  the  length  of  time  has  not  been 
sufficient  to  be  of  any  value  in  stating  their  worth  in  actual 
practice,  but  no  leaks  have  developed  as  far  as  I  can  6nd 
where  the  asbestos  gaskets  have  been  used.  I  do  not  know 
whether  the  asbestos  gaskets  will  stand  any  better  than  the 
rubber  gaskets  where  there  is  a  movement  of  the  pipe.  Of 
course  we  know  that  the  rubber  gasket  stands  well  when  new 
and  not  dissolved  by  hydro-carbon,  but  it  is  only  a  question 
of  time  when  rubber  gaskets  get  hard  and  the  flexibility  of 
the  joint  is  entirely  lost,  so  that  if  there  is  a  movement,  the 
gasket  simply  breaks  under  these  conditions,  in  the  case  of 
rubber." 

Conditions  in  the  Indiana  Lighting  Company's  system  were, 
it  will  be  noted,  much  aggravated  by  the  chemical  action  of 
the  gas  condensate.    Their  further  experience  will  be  watched 
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with  great  interest,  and  in  fact  this  is  a  field  of  i 
which  invites  <the  attention  of  all  engineers  using  this  type  of 
fitting.  On  the  other  hand  it  must  not  be  understood  that  the 
general  experience  with  rubber  gaskets  has  been  unfavor^le. 
Thus  the  lack  of  experiment  as  to  different  types  has  been 
largely  due  to  the  faot  that  renewals  even  in  the  oldest  systems 
have  been  surprisingly  few. 

An  interesting  comment  on  this  is  the  suggestion  that  this  is 
possibly  a  proof  that  pipe  Hues  find  a  permanent  bed  and 
thereafter  do  not  move  at  all,  the  argument  being  that  there 
must  exist  in  these  older  systems  large  numbers  of  rubber 
gaskets  sufficiently  deteriorated  that  the  sli^test  motion  of 
the  pipe  will  disint^rate  their  surface  and  start  leakage. 
Under  this  theory  the  pipe  presumably  resists  by  its  tensile 
strength  the  strain  of  contraction.  The  packed  or  frozen  earth 
anchors  it  at  intervals,  and  the  condition  ts  much  the  same  as 
in  the  case  of  the  continuous  rail  of  street  railroad  systems 
fastened  to  the  ties  and  resisting  even  greater  changes  of 
temperature. 

A  minor  disadvantage  in  the  use  of  slip  joint  tees  and 
crosses  is  found  in  the  slip  feature  itself,  in  cases  where  it  is 
desirable  to  leave  an  opening  for  future  use.  Thus  where  an 
extra  opening  is  provided,  and  a  short  piece  of  pipe  run  out 
and  capped,  it  is  necessary  to  provide,  in  high  pressure  work, 
special  anchorage  for  the  piece  of  pipe  thus  dead  ended,  other- 
wise the  pressure  may  force  it  out  of  the  joint.  Slip  joint 
elbows  must  also  be  carefully  anchored  or  both  joints  may  be 
forced  out. 

Cast  iron  fittings  used  in  high  pressure  pipe  lines  should 
invariably  be  protected  on  each  side  by  slip  joint  sleeves. 
Valves  should  receive  the  same  protection.  The  strains  on 
long  pipe  lines  have  already  been  noted  and  require  this  safe- 
guard. Strains  in  city  or  town  work,  both  high  and  low 
pressure,  are  more  broken  up  and  consequently  less  severe. 
Where  slip  joint  tees  and  crosses  are  used,  no  other  slip  joint 
fittings  are  necessary,  except  to  protect  valves.    Where  cast 
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iron  tees  and  crosses  are  used  it  is  customary  to  use  one  or 
two  sleeves  in  each  block  according  to  its  length. 

In  high  pressure  town  work  galvanized  malleable  fittings  may 
be  safely  used  in  all  sizes  under  2  inch ;  little  trouble  is  experi- 
enced from  threads  in  these  smaller  sized  fittings,  and  they  are 
generally  found  satisfactory  as  to  strength  and  tightness. 

For  dosing  in  gaps  or  cutting  in  fittings,  either  in  new  work 
or  repairs,  slip  joint  sleeves  are  of  great  convenience  in  both 
high  and  low  pressure  work.  The  only  possible  objection  to 
their  use  is  that  already  discussed  in  the  life  of  the  gaskets. 
This  becomes  of  special  importance  in  work  done  under  pave- 
ment. The  only  alternatives  are  cast  iron  sleeves  with  lead  or 
cement  joints,  and,  in  the  smaller  sizes  2  Inches  and  under, 
connections  of  the  union  type;  long  sleeves,  ground  joint  or 
lead  gasket  unions,  etc.  Of  these  union  fittings  the  so-called 
grip  pipe  couplings  are  worthy  of  consideration,  giving  a  tight 
and  sturdy  joint  without  great  diflliculty  of  installation.  While 
it  is  doubtless  desirable  to  minimize  the  nimiber  of  slip  joint 
fittings  under  pavement,  the  writer  feels  that  the  experience 
with  these  fittings  has  been  too  generally  favorable  to  warrant 
any  serious  apprehension  as  to  their  use  under  pavement  when 
otherwise  desirable. 

The  following  will  be  found  good  practice. 

Low  pressure  city  and  town  systems:  Fittii^  at  intersec- 
tions, cast  iron  screw  fittings,  ordinary  weight.  One  slip  joint 
sleeve  for  each  block  400  feet  and  under;  2  sleeves  for  longer 
blocks ;  locations  carefully  marked. 

High  pressure  town  work:  Extra  heavy  cast  iron  of  slip 
joint  fittings  at  intersections.  Galvanized  malleable  may  be 
used  for  sizes  under  2  inch.  All  valves  must  have  one  slip 
joint  in  close  proximity.  Thus  where  slip  joint  fittings  are 
not  used  a  sleeve  must  be  inserted  near  each  valve. 

Pipe  line  work :  For  elbows,  the  pipe  to  be  bent  wherever 
possible.  When  necessary  to  use  a  fitting,  only  extra  heavy 
cast  iron  to  be  used.  Slip  joint  ells  not  desirable  in  that  they 
require  outside  braces.  For  tees  and  crosses,  slip  joint  fittings 
preferable,  except  where  one  or  more  openii^s  are  dead  ended. 
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in  which  case  extra  "heavy  cast  iron  may  be  used  to  advantage. 
All  extra  heavy  cast  iron  fittings  and  all  valves  must  be  pro- 
tected by  slip  joint  sleeves  on  each  side.  Other  slip  joint 
sleeves  should  be  installed  tn  the  line  at  intervals,  but  should 
not  be  depended  upon  to  relieve  the  line  of  strain  unless 
installed  as  close  as  200  feet  apart. 

Valves  and  Valve  Systems. 

Treatment  of  this  portion  of  the  subject  will  be  confined  to 
high  pressure  work  as  the  use  of  valves  in  low  pressure  work 
is  a  matter  of  individual  preference  and  there  is  no  essential 
difference  between  screw  joint  pipe  systems  and  those  of  cast 
iron  in  this  respect. 

Valves  should  be  inserted  in  pipe  lines  in  order  that  any 
portion  of  the  line  may  be  closed  off  quickly  in  case  of  a  break 
cr  for  repairs.  The  general  practice  has  been  to  place  these 
valves  at  half  mile  intervals.  All  iron  valves  of  a  good  make, 
substantially  built,  and  strong  in  the  body,  should  be  used  for 
this  work.  The  efficiency  of  the  valves  in  pipe  lines  is  often 
seriously  impaired  by  the  presence  of  foreign  matter  under 
the  seat  of  the  valve.  Mill  scale  may,  in  spite  of  care,  remain 
on  the  interior  of  the  pipe,  become  dislodged  later  and  find  the 
pocket  of  some  valve  as  its  first  resting  place.  Great  trouble 
has  been  experienced  in  many  lines  from  the  presence  in  con- 
siderable quantity  of  a  fine  black  powder  flowing  freely  along 
the  line  and  lo(^ng  in  all  available  spaces,  preventing  pipe  line 
valves  from  closing  and  occasionally  entering  the  small  distrib- 
uting systems,  the  only  remedy  being  to  blow  it  out  under  pres- 
sure. One  set  of  analyses  of  this  material  showed  that  it  was 
60  per  cent,  insoluble,  and  the  insoluble  portion  contained  about 
94  per  cent,  of  iron  oxide,  the  remainder  being  mostly  carbon, 
vjhile  the  volatile  matter  appeared  to  be  made  up  of  coal  tar 
pitch  or  some  substance  of  similar  nature.  This  powder  may 
result  from  several  causes,  or  a  combination  of  all;  oxide  dust 
carried  over  from  the  purifying  boxes,  rust  from  the  interior 
of  the  pipe,  lubricating  oils  from  the  gas  cylinders  of  the  com- 
uressors.  hydro-carbons  from  the  gas  itself.    Whatever  be  the 
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exact  combination  of  substances  and  pressure  which  produces 
this  dust  in  any  given  pipe  line  system,  its  presence  is  a  con- 
stant menace  to  the  valves,  and  it  is  frequently  necessary 
where  this  trouble  exists,  to  shut  several  valves  and  occasion- 
ally vent  at  sleeves  between  valves  before  it  is  safe  to  work 
upon  the  line.  Pipe  line  valves  should  in  all  cases  be  speci- 
fied with  a  plugged  hole  at  the  bottom  for  cleaning  the  pocket 
under  the  gates,  and  where  so  provided,  any  accumulated  dust 
or  scale  may  often  be  completely  blown  out  when  found  to  be 
present,  and  the  valve  again  made  tight  if  the  seats  have  not 
been  injured.  In  view  of  the  difficulty  of  maintaining  a  com- 
pletely tight  system  of  valves,  one  large  high  pressure  system 
has  recently  changed  from  single  valve  stations  located  a  half 
mile  apart  to  double  valve  stations  located  one  mile  apart. 
These  double  valve  stations  consist  of  2  valves  about  10  feet 
apart  with  a  vent  between.  This  company  has  of  late  years 
found  it  almost  invariably  necessary  to  close  2  or  more  valves 
on  each  side  of  any  repair  job  and  vent  between  by  opening  a 
sleeve,  and  it  is  thought  that  the  new  system  will  simplify 
matters.  All  valves  used  by  this  company  are  provided  with 
blow-out  holes  for  cleaning. 

There  should  be  a  sufficient  number  of  boxes  in  any  pipe 
line  system  to  give  complete  control  of  the  gas  supply  in  case 
of  any  sudden  break,  and  this  is  especially  necessary  in 
northern  climates  where  the  ground  freezes  hard  in  winter.  It 
is  not  always  necessary  to  box  all  the  valves  in  a  system,  and 
as  it  is  difficult  to  maintain  these  stations  free  from  dirt  or 
ice,  they  should  be  selected  with  particular  care,  and  afterwards 
carefully  maintained,  especially  during  periods  when  the 
ground  is  frozen. 

In  high  pressure  distributing  systems  valves  should  be  placed 
at  intersections  where  new  lines  branch  off,  and  should  be 
sufficiently  frequent  in  the  system  so  that  construction  and 
repair  work  may  be  undertaken  without  shutting  off  many  cus- 
tomers at  once.  Gate  valves  should  be  used  for  all  sizes  down 
to  and  including  ij^  inch  pipe,  that  is,  feeding  mains.  Globe 
valves  may  be  used  on  the  smaller  sizes  if  preferred,  as  there 
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is  always  a  surplus  of  capacity  in  these  lines  which  in  h^h 
pressure  work  are  always  necessarily  larger  than  actually  re- 
quired for  the  local  distribution  area  to  be  fed.  Globe  valves 
are  preferred  by  some  builders  because  of  their  greater  free- 
dom from  dust  deposits.  Gate  valves  should  have  cleaning 
holes  at  the  bottom  the  same  as  in  the  case  of  pipe  line  valves. 
Plug  cocks  may  be  used  for  i  inch  mains,  but  in  the  larger 
sizes  trouble  may  be  experienced  unless  a  very  expensive 
design  of  cock  is  used. 

The  design  of  a  city  or  town  high  pressure  valve  system  for 
the  quick  isolation  of  any  sudden  break  must  be  carefully 
studied.  The  boxing  of  every  valve  in  such  a  system  means 
expensive  inspection  and  maintenance  if  the  boxes  are  to  be 
kept  constantly  in  efficient  condition.  To  be  depended  upon 
for  the  quick  stoppage  of  any  sudden  leakage,  valve  stations 
must  be  found  and  used  without  a  moment's  lost  time.  In 
seasons  of  snow  they  must  be  kept  cleared,  covers  must  be 
free  from  ice,  and  the  interior  of  the  boxes  known  at  all  times 
to  be  free  from  dirt  or  ice.  It  is  better  to  have  a  few  valves 
in  boxes  properly  maintained  than  a  large  number  of  doubtful 
security.  Dead  ends  are  of  no  apparent  disadvantage  in  high 
pressure  main  systems,  and  it  is  therefore  possible  to  divide 
any  given  distribution  system  up  into  areas  of  reasonable  size 
controlled  by  a  master  valve.  It  is  the  practice  of  one  large 
company  to  divide  all  of  its  town  high  pressure  distribution 
system  into  such  areas,  carefully  marked  upon  the  town  maps, 
one  valve  station  controlling  each  area.  These  valves  are  the 
only  valves  boxed,  and  these  stations  are  carefully  maintained 
at  all  seasons  of  the  year,  espedalty  in  the  winter.  All  foremen 
are  drilled  as  to  locating  these  stations ;  the  distribution  maps 
are  arranged  so  that  a  moment's  glance  will  show  the  control- 
ling station  of  any  particular  locality ;  valve  keys  are  carefully 
distributed.  For  the  past  3  years  this  arrangement  has  been 
found  to  answer  all  requirements.  The  valves  local  to  each 
street  are  dug  up  and  closed  by  hand  when  construction  or 
repair  work  is  being  done  upon  that  street  in  the  open  season. 
The  towns  of  this  company  are  operated  at  10  pounds  pres- 
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sure,  controlled  by  reducing  governors.  No  curb  cocks  or 
boxes  are  used  on  services  within  such  distribution  areas,  the 
desire  being  to  minimize  the  number  of  controlling  stations 
and  concentrate  attention  upon  the  stations  in  use.  At  lo 
pounds  pressure  no  valves  have  as  yet  been  found  to  seriously 
fail.  The  total  gas  capacity  of  any  area  4  or  5  blocks  square 
is  very  small  in  these  small  pipe  systems  when  operated  at 
10  pounds  pressure.  Services  on  the  main  pipe  line  outside 
the  distribution  area  arc  provided  with  valves  and  boxes.  The 
boxes  in  these  cases  are  of  sufficient  diameter  so  that  no  valve 
key  is  required,  and  valves  are  used  in  place  of  cocks. 

The  design  of  all  high  pressure  systems  should  be  such  that 
high  pressure  gas  can  be  quickly  and  surely  shut  off  at  need ; 
in  all  such  cases  valves  are  more  dependable  than  cocks,  which 
frequently  become  corroded  after  they  have  been  in  the  groiuid 
for  a  time,  and  fail  of  operation  with  the  key. 

Depth  op  Mains. 

This  subject  is  referred  to  only  to  call  attention  to  the  fact, 
now  better  understood  than  formerly,  that  high  pressure  mains 
must  receive  the  same  protection  from  extreme  cold  as  low 
pressure  mains.  Gas  of  a  given  quality  will  always  suffer  a 
certain  deterioration  in  compressing  and  afterwards  cooling  to 
ground  temperature,  and  this  deterioration  will  be  greater  than 
would  be  the  case  if  the  gas  were  not  compressed.  Because 
of  this,  however,  it  does  not  follow  that  further  deterioration 
will  not  ensue  when  the  gas  is  further  cooled.  The  amount  of 
hydro-carbon  vapors  the  gas  will  retain  will  decrease  either  as 
the  pressure  increases  at  constant  temperature,  or  the  tem- 
perature decreases  at  constant  pressure.  High  pressure  lines 
should  therefore  receive  the  same  covering  as  low  pressure 
lines,  and  all  exposed  places,  such  as  bridge  crossings,  should 
be  carefully  protected. 

Service  Tapping, 

For  I  inch  or  ij4  inch  services,  a  2  inch  low  pressure  steel 
or  wrot^ht  iron  main  should  be  drilled  with  a  yi  inch  hole, 
and  a  plain  saddle  should  be  applied,  tapped  ^  inch.     For 
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larger  services  from  a  2  inch  main,  the  main  should  be  cut 
and  full  sized  tee  inserted.  For  i  inch,  i%  inch  and  i}4  inch 
services  from  a  3  inch  low  pressure  main,  a  ^  inch  hole  should 
be  drilled  and  a  3  inch  plain  saddle  used,  tapped  J4  inch  or 
I  inch.  For  2  inch  services  or  larger,  the  main  should  be  cut 
and  a  full  sized  tee  inserted.  For  I  inch  and  1%  inch  ser- 
vices from  4  inch  low  pressure  main,  a  ^  inch  hole  should  be 
tapped.  No  saddle  is  required.  For  ij^  inch  services  a  I  inch 
hole  may  be  drilled,  in  which  case  a  plain  saddle  tapped  i  inch 
should  be  used.  For  services  2  inches  or  larger,  the  main 
should  be  cut  and  a  full  sized  tee  inserted.  For  inserting  bags 
in  3  inch  and  4  inch  mains,  ^  inch  holes  should  be  tapped  for 
3  inch  bags  and  i  inch  holes  for  4  inch.  All  high  pressure 
mains  larger  than  1  inch  should  be  drilled  with  a  ^  inch  hole, 
over  which  a  tee  saddle  should  be  carefully  applied.  For  ser- 
vice connections  from  i  inch  high  pressure  mains,  galvanized 
tees  should  be  used. 

While  not  best  high  pressure  practice  small  mains  may  be 
safely  connected  to  larger  mains  by  using  drilled  hole  and 
saddles.  One  inch  mains  may  be  taken  out  of  3  inch  or  larger, 
tapping  }i  inch  hole  and  other  sizes  in  proportion.  The  con- 
nection should  be  on  the  side  of  the  large  main  and  a  slip  joint 
sleeve  installed  in  the  smalt  main  close  to  the  connection. 

Removal  of  Moistub? — High  PeBssure. 

All  moisture  should  be  removed  from  high  pressure  gas  as 
soon  as  possible  after  the  gas  reaches  ground  temperature. 
This  is  most  conveniently  done  by  employing  a  bafHe  plate  or 
series  of  plates  on  the  principle  of  a  steam  separator.  If  the 
line  itself  is  used  as  the  condenser,  the  locations  for  the  baffle 
plate  tees  or  baffle  plate  tanks  should  be  at  low  points  in  the 
first  2  miles  of  the  pipe  hue.  The  base  of  some  steep  hill  is 
an  especially  favorable  point.  If  the  high  pressure  gas  is 
cooled  at  the  pumping  station,  baffle  tanks  at  that  point  may 
be  depended  upon  to  remove  the  greater  part  of  the  moisture. 
The  pipe  line  up  to  the  last  baffle  should  be  laid  below  frost 
line  if  this  can  possibly  be  done.     There  is  great  danger  of 
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ice  formation  where  high  pressure  gas  is  exposed  to  low  tem- 
peratures before  removal  of  the  greater  part  of  its  moisture, 
and  this  danger  is  especially  great  on  up  grades  where  the 
moisture  flows  slowly  back  against  the  flow  of  the  gas.  Bridge 
lines  located  close  to  pumping  stations  must  be  watched  with 
especial  care.  Under  certain  conditions  such  exposed  lines 
may  be  left  partly  or  wholly  uncovered  and  used  as  condensers, 
but  the  rate  of  gas  flow  and  length  of  pipe  exposed,  with  result- 
ing temperatures  along  the  exposed  line,  must  be  carefully 
watched  to  prevent  the  formation  of  films  of  ice  on  the  interior 
of  the  pipe.  When  such  films  form  during  periods  of  extreme 
cold  weather,  and  a  warmer  period  sets  in,  the  films  fall  off 
and  form  slush  in  the  pipe  which  carried  along  in  the  pipe 
may  jam  at  some  point  difficult  of  access  and  completely  stop 
the  flow  of  the  gas.  The  safest  method  of  using  the  pipe  line 
as  a  condenser  is  that  already  suggested  of  bringing  the  gas 
gradually  to  ground  teniperature  below  frost  level  and  then 
removing  the  moisture.  There  is  little  danger  beyond  this 
point  in  any  pipe  line,  even  where  the  pipe  is  later  exposed  to 
lower  temperatures,  for  the  reason  that  as  the  pressure  falls 
along  the  line,  the  moisture  capacity  of  the  gas  is  increased, 
and  its  moisture  capacity  at  a  lower  temperature  may  be  prac- 
tically the  same  at  the  lower  pressure  as  at  the  original  pres- 
sure and  temperature.  It  is  of  course  possible  to  produce  an 
additional  deposit  of  water  in  any  high  pressure  system  by 
extreme  exposure.  Thus  one  case  may  be  cited  of  a  high 
pressure  ser\-ice  located  25  miles  from  the  pumping  station, 
becoming  closed  with  frost,  but  this  was  a  case  of  extreme 
exposure  in  an  areaway  with  a  temperature  below  zero.  This 
service  was  at  pipe  line  pressure.  It  is  doubtful  if  this  could 
have  happened  under  reduced  governor  pressure.  The  general 
experience  is  that  practically  no  moisture  or  frost  trouble  is 
found  in  high  pressure  systems  after  the  moisture  is  once 
carefully  removed  at  initial  pressure  and  ground  temperature. 
Reducing  Governors. 
Where  two  or  more  towns  are  supplied  from  one  pipe  line, 
it  will  be  found  best  practice  to  place  a  reducing  governor  at 
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the  entrance  to  each  town,  thus  making  the  pressure  on  the 
town  distributing  system  independent  of  the  pipe  line  pressure. 
Pipe  line  pressures  may  necessarily  vary  widely  between 
periods  of  peak  load  and  light  load,  while  at  the  same  time  the 
town  distributing  system  need  not  necessarily  vary  in  pres- 
sure to  exceed  3  to  5  pounds,  and  in  most  cases  governors  set 
to  furnish  10  to  15  poimds  pressure  will  furnish  an  ample 
margin  of  supply.  The  general  distributing  conditions  in  any 
town  are  greatly  bettered  by  establishing  a  constant  initial 
moderate  pressure.  Perhaps  the  greatest  benefit  is  found  in 
the  action  of  the  house  regulators,  the  valves  of  which  will  hold 
true  much  longer  when  not  exposed  to  extreme  ranges  of 
pressure.  For  a  suitable  reducing  governor  for  work  of  this 
character  only  a  simple  construction  is  required.  The  con- 
trolling diaphragm  is  acted  upon  directly  by  the  gas  pressure 
and  balanced  by  a  weight.  Operation  within  a  limit  of  i  pound 
is  entirely  satisfactory,  and  may  be  depended  upon.  These 
governors  should  be  located  in  well  constructed  pits  and  pro- 
vided with  by-pass. 

Extra  Lasce  Steel  Mains. 
Beginning  with  the  8-inch  size,  steel  pipe  is  manufactured 
in  more  than  one  weight,  and  in  the  larger  sizes  there  is  much 
choice  in  this  respect  for  the  pipe  line  builder.  In  addition  to 
what  is  strictly  known  as  pipe,  there  are  also  grades  of  tubing 
and  casing  in  which  the  thickness  and  weight  are  still  further 
reduced.  Casing  is  also  manufactured  in  small  diameters  and 
many  sizes.  Much  large  pipe  lighter  than  standard  weight 
is  safe  to  lay  with  screw  joints.  The  lighter  weights  of  8 
inches  and  10  inches  are  often  chosen  for  pipe  lines  and  laid 
in  this  way.  From  lO  inches  up,  however,  practice  favors  the 
use  of  plain  end  pipe  jointed  entirely  with  couplit^  of  the 
Dresser  type.  This  conrtruction  is  generally  found  che^KT 
and  safer  in  large  diameter  pipe  work  and  there  is  of  course 
no  option  where  the  lighter  weights  of  tubii^  or  casing  are 
used  There  are  also  special  joints  on  the  market  of  whidi 
the  Matheson  may  be  mentioned  as  typical. 
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For  extended  experience  along  these  lines  we  must  neces- 
sarily go  to  natural  gas  practice  in  which  practice  pipe  of 
the  character  mentioned  has  been  mostly  used,  and  althou^ 
these  special  weights  and  methods  of  construction  are  of 
growing  interest  in  our  own  practice,  an  extended  discussiott 
is  probably  beyond  the  scope  of  this  paper.  The  following 
observations,  however,  for  which  the  writer  is  indebted  to 
Messrs.  Battin  and  Wishart  of  the  Indiana  Lighting  Company, 
will  be  found  of  interest. 

"The  whole  tendency  now-a-days  in  high  pressure  natural 
gas  work  is  to  use  light  pipe  and  long  lengths.  The  last  lo 
inch  pipe  we  laid,  namely  ito  miles,  a  few  years  ^o,  was 
only  28-pound  pipe  and  the  lengths  must  have  aven^^  28 
feet.  What  is  often  used  is  the  same  as  lap  welded  casing, 
which  for  pipe  having  an  outside  diameter  of  10  inches  weighs 
only  21.9  pounds  per  foot.  Nearly  all  natural  gas  lines  are 
laid  using  this  casing,  which  in  the  larger  sizes  is  always  meas- 
ured on  the  outside  diameter.  Natural  gas  companies  use  this 
casing  often  on  small  lines  such  as  3  inches  and  4  inches,  and 
you  frequently  run  across  lines  of  what  seems  to  us  odd 
sizes ;  for  example,  6^  inch  casing  and  5)4  inch  casing.  Even 
old  boiler  tubes  are  used  for  such  lines  and  new  boiler  tubes 
are  bot^ht  for  the  purpose.  One  of  the  reasons  why  such 
thin  pipe  is  used  for  natural  gas  ts  that  natural  gas  is  gen- 
erally expected  to  be  a  temporary  affair  and  lines  are  put  in 
for  a  comparatively  short  expected  life. 

"This  casing  you  will  notice  has  a  much  thinner  thread  than 
ordinary  pipe  and  would  pull  apart  very  easily  from  con- 
traction and  expansion,  so  that  on  pipe  as  thin  as  this  it 
would  not  be  feasible  to  use  ordinary  screw  couplings,  and 
consequently  Dresser  couplers  or  similar  couplers  are  nearly 
always  used  on  these  lines.  Companies  where  the  pressure 
is  heavy  enough  to  make  it  seem  desirable  to  use  something 
a  little  heavier  than  standard  lap  welded  casing,  adopt  tubing 
sometimes  which  is  heavier  than  casing,  but  which  is  lighter 
than  the  standard  pipe,  which  for  example  for  the  10  inch 
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is  made  no  lighter,  than  32  pounds  per  foot,  and  which  is  also 
made  in  35  and  40  pound  weights.  Even  in  the  case  of  the 
heavier  pipe,  however,  they  consider  that  it  is  not  only  a 
great  deal  cheaper  to  lay  the  pipe  with  couplers  than  to  use 
screw  pipe,  but  there  are  many  less  leaks  at  the  start  and  the 
pipe  remains  tighter  and  there  are  practically  no  cases  of  pull- 
ing apart,  such  as  is  the  case  with  the  screwed  couplings,  from 
expansion  and  contraction  especially  when  the  frost  goes 
down  in  very  severe  weather.  These  lines  are  generally  laid 
just  underneath  the  surface  of  the  earth,  seldom  having  more 
than  one  foot  or  so  of  covering  unless  the  pressure  is  such 
that  they  have  to  be  weighted  down  with  more  earth  to  pre- 
vent them  from  raising  out  of  the  ditch,  and  hence  the  frost 
undoubtedly  surrounds  the  pipe  every  winter.  Under  such 
conditions  screwed  pipe  would  break  in  many  places.  On 
these  lines  a  very  light  coupler  is  used  rather  than  the  heavier 
type  of  sleeve. 

"For  artificial  high  pressure  lines  we  would  not  care  to  use 
these  very  light  pipes,  althoi^h  we  would  not  use  a  screwed 
coupling  in  any  case  for  large  sizes. 

"Comparing  the  Matheson  joint  with  Dresser  or  similar 
couplers,  we  may  note  that  it  takes  only  half  the  number  of 
gaskets,  there  being  only  one  gasket  to  a  Matheson  joint. 
Even  this  is  not  being  used  in  the  majority  of  cases,  because 
Matheson  joints  are  generally  made  up  with  lead  caulked,  the 
same  as  with  cast  iron  pipe;  but  the  result  is  just  the  same  as  it 
is  with  lead  joints  with  cast  iron  pipe.  They  will  not  remain 
tight  even  a  short  while  and  no  matter  how  many  times  you 
recaulk  them,  they  are  leaking  again  after  a  very  short  time. 

"Now  the  Matheson  joint  pipe  is  no  worse  than  cast  iron 
pipe  in  this  respect  when  made  up  with  lead  joint  only;  but 
where  a  reinforcing  gasket  is  used  the  Matheson  joint  is  tight 
at  the  start  and  remains  tight.  In  fact  we  had  our  best  results 
where  we  did  not  use  lead  at  all  in  the  joints  of  Matheson 
pipe,  but  simply  had  the  shape  of  the  bell  of  the  Matheson  pipe 
made  such  that  there  was  only  a  narrow  space  at  the  mouth 
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of  the  bell,  and  the  mouth  of  the  bell  was  fiared  out  to  receive 
the  gasket.  From  our  experience  we  were  very  careful  to  get 
the  gasket  specially  adapted  for  the  particular  work  in  band 
and  by  watching  it  carefully  and  taking  it  up  with  the  Rubber 
Company's  experts,  we  were  able  on  one  line  we  may  mention 
to  get  joints  which  remained  absolutely  tight  until  the  line  was 
taken  up  after  6  years  use.  Our  experience  rather  favors  the 
use  of  coupler  pipe  or  Matheson  joints  instead  of  screw  joints 
on  all  pipe  6  inches  or  larger." 

In  conclusion  the  writer  desires  to  make  acknowledgment 
of  the  valuable  assistance  he  has  received  from  his  business 
associates.  Adequate  presentation  of  so  comprehensive  a  sub- 
ject has  been  found  difficult  within  the  limits  prescribed  but  it 
is  hoped  that  a  discussion  will  be  stimulated  that  will  serve  to 
amplify  and  improve  the  various  details  suggested. 

Mr.  G.  I.  Vincent  then  presented  his  paper  on  Street  Main 
Standards. 

STREET  MAIN  STANDARDS. 

Abstiact. — A  set  of  questions  was   sent  to  ac^  companies  asking 

their  practice  as  to   material  and   methods   in  laying  street   mains. 

From  the  replies  received,  the  following  information  was  compiled. 

Cast  Iron  Material. 

Standards. — 58  per  cent  have  adopted  the  A.  G.  I.  1911  standard, 
6  per  cent,  use  American  Water  Works,  19  per  cent.  American  Gas 
Light  Association  of  1898,  7  per  cent,  their  own  standard  and  lO  per 
cent,  had  no  standard. 

Specials: — Some  plants  use  spigot  fittings  for  cut-outs,  and  bell 
fittings  for  line  work.  Up  to  and  including  la  inches  it  is  recom- 
mended that  all  bell  fittings  be  used,  and  that  bushings  be  used  in- 
stead of  reducers,  and  that  full  size  as  opposed  to  reducing  openings 
be  left   at  intersections. 

Line  drip  pots  are  universally  used.  The  use  of  a  Ij^  inch  pump- 
ing line  for  the  drip  is  recommended.  It  is  suggested  that  the  pump- 
ing line  set-off  to  the  curb  has  several  advantages  over  the  pump- 
ing line  run  straight  up  under  all  conditions.  A  heavy  adjustable 
cast  iron  box  is  the  best  type  of  cover  over  pumping  points. 

Valves  are  usually  used  on  low  pressure  work  in  dangerous  lo- 
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cations  only.  These  should  be  protected  by  a  brick  mjuihole  with 
substantial  iron  cover. 

Ikying  Data : — The  universal  practice  is  to  lay  the  service  mains 
about  4  feet  from  the  curb;  this  does  not,  however,  necessarily  apply 
to  the  larger  supply  mains.  Mains  in  Southern  cities  are  generally 
laid  shallower  than  in  Northern.  Two  Northern  cities  lay  at  over 
six  feet.  It  is  suggested  that  the  advantage  of  going  to  excessive  depth 
to  insure  being  below  frost  line  is  more  than  off-set  by  its  disad- 
vantage. Also  that  mains  laid  shallow  are  undesirable  because  of 
modern  deep  pavement  and  difficulty  of  grading  of  services.  The 
suggested  best  depth  is  from  3  feet  to  3^  feet  of  cover  regardless  of 
climate  conditions.  An  allowance  of  'A  inch  in  3  feet  will  insure 
satisfactory  drainage. 

Although  the  majority  of  companies  lay  their  pipes  on  bare  earth, 
some  of  the  largest  companies  use  blocking  as  a  standard  practice. 
The  writer  believes  that  if  the  ground  has  not  been  disturbed,  the 
pipe  will  be  better  supported  than  if  laid  on  blocks.  Where  the  ground 
has  been  filled  or  unusual  conditions  exist,  blocking  alone  will  not 
suffice  to  support  the  mains  properly.  With  pipe  of  16  inches  or 
larger,  blocking  is  of  value  in  aligning  the  heavy  lengths  of  pipe, 
two  blocks  being  laid  back  and  two  blocks  in  front  of  each  belL  As 
in  smaller  mains,  this  blocking  is  not  adequate  to  support  the  mains 
properly  except  on   original  soil. 

It  is  not  necessary  to  protect  cast  iron  pipe  against  corrosion  ex- 
cept in  soil  containing  corrosive  material,  in  which  case  a  bed  of 
clean  clay  6  inches  thick  around  the  pipe  is  sufficient  protection ;  and 
but  few  plants  lake  precautions  against  electrolysis,  and  these  by 
some  method  of  bonding. 

Eighty  per  cent,  of  the  companies  test  all  joints  before  filling,  9 
per  cent,  part  of  their  mains  (the  larger  pipes  as  a  rule),  and  11 
per  cent,  do  not  test  at  all.  The  suggested  best  practice  is  to  test  all 
low  pressure  joints  below  16  inch  at  working  pressure,  and  larger 
mains  at  5  pounds  pressure,  using  soapsuds  and  not  depending  upon 
the  gauge.  Cast  iron  pipe  carrying  pressures  higher  than  the  recog- 
nized li>w  pressure  should  be  tested  with  soapsuds  at  a  pressure  not 
less  than  twice  the  maximum  to  which  the  main  is  to  be  subjected. 

Twenty-three  per  cent,  of  the  companies  reporting  use  bags  only, 
66  per  cent,  use  bags  and  stoppers  and  11  pet  cent,  stoppers  only. 

The  methods  adopted  to  prevent  freezing  over  bridges,  etc.,  is  to  eti- 
large  the  exposed  pipe  by  two  sizes.  It  is  suggested  that  the  best 
practice  is  to  enlarge  the  pipe,  but  leaving  open  the  question  of  increase 
in  diameter. 

From  consideration  of  all  replies  received,  the  best  practice  as  to 
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maximum  hole  allowed  to  be  tapped  in  each  size  main  is  i  inch  for 
a  4-inch  pipe,  iJ4  inch  for  a  6  inch,  ij4  inch  for  8-inch,  2  inches  for 
10  and  i2-inch,  zYi  for  a  i6-inch,  3  inches  for  a  20  and  24-incli  pipe 
and  4  inches  for  all  sizes  larger. 

In  regard  to  ditching  and  tilling,  the  replies  indicated  thai  ditching 
by  piece  work  is  satisfactory,  and  that  machine  trenching  is  generally 
unsatisfactory  in  urban  work  and  if  practiced  in  suburbs  should  be 
by  contract  only.  If  ditches  can  be  filled  lightly,  the  cheapest  way  is 
to  tamp  around  the  pipe  and  complete  the  filling  with  a  horse  or 
motor  scraper,  afterwards  flushing  with  water.  Brief  reports  on 
machine   tamping   show   it   to  be   satisfactory. 

Jointing  Data : — 6  per  cent,  of  the  companies  use  lead  joints,  9  per 
cent,  cement  joints  and  85  per  cent.  both.  Lead  wool  is  used  to  some 
extent  by  a  few  gas  companies  and  reports  upon  it  are  favorable. 
For  large  mains  or  large  jobs  of  small  pipe,  machine  caulking  is 
economical  both  as  to  operating  cost  and  quality  of  work.  Untarred 
long-fiber  jute  yam  free  from  grease  is  suggested  as  best  for  both 
lead  and  cement  joints. 

Any  high  grade  Portland  cement  may  be  used  for  joints,  and  no 
other  material  except  lead  is  used,  although  one  company  used  ground- 
joint  pipe.  Lead  joints  are  used  by  some  companies  in  certain  loca- 
tions, as  at  intersections,  at  intervals  along  lines  ai  cement  joint 
mains,  and  on  large  pipes.  There  is  believed  to  be  no  merit  in  lead 
joints  in  the  first  two  cases,  hut  many  large  companies  are  giving  up 
the  use  of  cement  on  large  pipes.  The  writer  believes  that  cement 
joints  in  standard  bells  should  not  be  used  on  any  pipe  larger  than 
13  inches. 

The  objection  to  cement  joints  on  large  mains  is  that  the  joint  is 
weaker  than  the  main.  The  shearing  stress  to  which  a  30-inch  pipe 
is  subjected  is  excessive,  and  when  other  stresses  are  added,  it  would 
seem  to  be  mere  accident  if  the  cement  joints  with  standard  bells 
would  remain  tight. 

Another  joint  which  has  been  used  to  some  extent  is  a  cement  joint 
made  in  the  usual  way  with  the  cement  trimmed  out  evenly  to  the 
back  edge  of  the  lead  ring.  A  lead  joint  is  cast  in  and  caulked,  or  a 
lead  vioiA  joint  is  caulked  in.  The  writer  has  done  a  good  deal  of 
repair  work  on  this  principle  with  no  subsequent  leakage,  and  believes 
that  there  is  no  reason  why  these  joints  would  not  be  satisfactory  for 
new  work.  Moreover,  these  joints  cost  less  than  cast  lead  and  much 
less  than  lead  wool. 

The  ordinary  forms  of  cast  iron  joints  cannot  be  depended  upon 
for  pressures  higher  than  usual  and  up  to  $  pounds.  In  this  case, 
clamps  should  be  used  over  the  joints,  using  an  asbestos  gasket. 
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Steel  Matbriai.  for  Street  Mains. 

iow  Pressure  Work: — Although  about  half  the  companies  use 
steel  pipe  for  low  pressure  work  in  special  cases,  the  comparative 
mileage  is  very  small.  About  half  of  the  companies  specify  wrought 
iron  pipe  in  place  of  steel.  Genuine  wrought  iron  pipe  commands  a 
premium  of  about  is  per  cent,  and  its  value  is  not  apparent.  Speller- 
ized  steel  pipe  is  probably  as  durable  as  wrought  iron.  As  full  weight 
pipe  only  is  now  rolled,  it  is  no  longer  necessary  to  specify  it. 

The  smallest  size  of  cast  iron  pipe  which  should  be  laid  under 
any  circumstances  is  4- inch  on  aaount  of  the  structural  weak- 
ness of  smaller  sizes.  Two  of  the  largest  companies  lay  no  cast  iron 
pipe  less  than  6-inch  and  another  stops  at  8-inch.  It  is  believed  that 
4- inch  is  ordinarily  substantial  enough  for  urban  work  with  the 
possible  exception  of  the  congested  districts  in  larger  cities. 

The  life  of  steel  pipe  in  neutral  soils  is  as  indefinite  as  cast  iron. 
A  wide  range  of  coating  materials  is  used,  s  per  cent,  of  the  com- 
panies replying  specifying  Hickenlooper  coating.  7  per  cent,  asphalt. 
12  per  cent,  red  lead  and  oil,  32  per  cent,  tar,  2  per  cent,  galvanized. 
9  per  cent,  various  commercial  preparations  and  33  per  cent,  no  coat- 
ing. (It  is  not  believed  that  any  of  the  coatings  named  will  be 
satisfactory  under  all  conditions,  and  a  number  of  engineers  believe 
that  any  plastic  coating  applied  by  brushing  or  dipping  might  profit- 
ably be  omitted.) 

The  various  methods  used  to  exclude  moisture  from  the  pipe  are : 
(i)  A  plastic  coat  applied  by  dipping  or  brushing;  the  value  of  this 
is  questionable ;  (2)  Combination  of  plastic  protection  and  rubber  \ 
this  is  superior  to  the  other  and  if  properly  applied  should  add 
to  the  lite  of  the  pipe.  (3)  Plastic  coatings  baked  cm ;  this  is  reported 
as  satisfactory  if  continuous.  (4)  Enclosing  the  pipe  in  boxinti 
titled  with  pitch  or  a  mixture  of  sand  and  pitch.  (This  will  afford 
complete  protection.)  (s)  Enclosing  the  pipe  in  a  box  filled  with 
cement  mortar.     (This  is  also  effectual  if  properly  applied.) 

The  best  material  for  underground  fittings  for  steel  pipe  is  the 
extra  heavy  galvanized  recessed  fitting. 

For  repair  work  on  low  pressure  steel  mains  the  standard  cast 
iron  split  sleeves  with  cement  joints  are  satisfactory.  (Enough  re- 
plies were  received  to  throw  doubt  on  the  efficiency  of  rubber  gaskets, 
and  asbestos  has  been  found  a  satisfactory  substitute.) 

Practice  varies  between  white  lead,  graphite,  Portland  cement 
and  oil,  and  different  commercial  preparations  for  pipe  joint  cement 
but  red  lead  is  recommended. 

The  depth  of  laying,  advisability  of  blocking,  and  use  of  valves  should 
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he  as  wilh  cast  iron;  no  provision  for  expansion  is  necessary;  testing 
with  soap  suds  under  gas  pressure  is  satisfactory ;  the  majority  of 
the  companies  make  their  drips  up  with  pipe  fittings  which  is  satisfac- 
tory. Tapping  steel  pipe  is  poor  practice.  In  laying,  tees  looking  up 
should  be  put  in  for  the  known  services,  and  the  standard  cast  iron 
split  tee  shonid  be  tised  for  subsequent  connections. 

High  Pressure  Work— Pipe  Lines:— 'Vht  general  construction  is  simi- 
lar to  that  of  low  pressure  steel  pipe.  Sixty-four  per  cent,  of  the  com- 
panies use  steel,  the  rest  iron;  none  use  extra  heavy.  Seventeen  per 
cent,  of  the  companies  do  not  coat  their  pipe,  and  the  rest  are  divided 
among  the  coatings  mentioned  for  low  pressure  work.  (One  company 
tests  the  soil  for  corrosive  qualities.)  The  same  rules  arc  followed  as 
to  fittings,  pipe  joint  cement,  etc.,  as  in  low  pressure  steel  lines.  (Al- 
though 74  per  cent,  of  the  companies  use  expansion  joints,  there 
seems  to  be  no  reason  for  doing  so  except  in  exposed  mains  subjected 
to  a  wide  range  of  temperature  where  buckling  might  occur.) 

Nearly  all  the  companies  use  valves  on  pipe  lines  at  intervals  of 
from  500  feet  to  a  mile.  Intervals  of  a  mile  is  suggested  as  being 
sufficient,  (double  iron  gate,  inside  screw  with  recessed  hubs  being 
recommended.)  Many  of  the  companies  report  trouble  from  leaky 
valves  due  to  accumulations  on  the  seats,  and  it  is  suggested  that  two 
valves  be  installed  at  each  location  in  a  substantial  brick  man-hole. 

Pipe  lines  are  almost  universally  laid  at  a  depth  of  from  2  to  2^4 
feet,   (which  has  proved  satisfactory.) 

It  is  suggested  that  the  pipe  be  tested,  with  air  at  twice  the  maxi- 
mum working  pressure,  when  bad  leaks  can  be  detected  by  the  sound ; 
all  fittings  should  be  tested  with  soapsuds.  (A  gauge  will  indicate 
small  leaks,  only  after  the  pressure  has  been  on  for  an  unreasonable 
length  of  time.) 

The  majority  of  companies  use  no  drips  on  high  pressure  lines,  the 
moisture  eliminators  making  these  unnecessary.  It  is  recommended. 
however,  that  tees  be  installed  at  low  points.  The  pressures  carried 
vary  from  5  to  75  pounds  with  an  upward  tendency,  and  it  seems  that 
pressures  may  be  raised  to  100  pounds  with  economy  and  advantage. 

The  accepted  method  of  repairing  leaks  is  to  use  a  split  leak  clamp 
made  for  the  purpose.  Where  only  the  thread  is  leaking,  a  satisfac- 
tory and  permanent  repair  can  be  made  by  caulking  copper  wire  into 
the  recess  and  peening  over  the  head  of  the  fitting. 

High  Pressure  Town  Lines; — The  earlier  practice  was  to  reduce  the 
pressure  in  town  lines  to  holder  pressure,  usually  by  discharging  into 
a  holder  and  distributing  from  that.     Later  district  governors  took 
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the  place  of  the  holders,  and  after  that  the  practice  was  to  carry  2 
or  3  pounds  on  the  (own  lines  and  equip  the  individual  consumers 
with  governors.  At  present  a  number  of  towns  are  being  carried  at 
full  line  pressure.  (While  this  has  proved  safe  and  satisfactory,  the 
advantages  are  not  apparent  enough  to  warrant  its  recommendation 
for  universal  adoption,  and  but  2  pounds  is  su^ested  as  a  maxi- 
mum, with  full  line  pressure  for  scattered  villages  and  hamlets.) 

There  seems  to  be  no  particular  connection  between  the  number 
and  location  of  valves  on  the  town  lines  and  the  pressure  carried.  It 
is  susB^stcd  that  where  full  line  pressure  is  carried  on  town  lines, 
the  same  system  of  valves  are  used  as  on  the  pipe  lines.  Where  the 
towns  are  on  moderate  pressure,  say  2  pounds,  it  is  only  necessary 
to  use  valves  in  the  special  locations  prescribed  for  low  pressure  sys- 

Service  connections  are  universally  made  with  saddles  and  lead 
gaskets,  the  pipe  being  then  run  from  a  corporation  cock.  It  is 
suggested  that  service  shut-offs  be  installed  outside  the  building  on  all 
high  pressure  services  (whether  the  pressure  is  2  pounds  or  30 
pounds). 

Where  Ihe  towns  are  on  district  governors,  the  safety  blow-off  at 
the  governor  will  afford  sufficient  protection.  Where  full  line  pres- 
sure is  carried,  each  consumer  should  be  provided  with  a  safety  seal 
and  blow-off  of  ample  size  and  fairly  protected  against  stoppage. 

General  Pouct. 

It  is  the  universal  practice  to  overhaul  or  inspect  mains  on  streets 
which  are  to  be  paved ;  details  of  practice  vary  widely,  but  it  is 
suggested  that  all  the  mains  be  barred  over,  all  services  examined  at 
the  house  and  all  drips  be  examined.  No  pipe  under  4-inch  should  be 
allowed  to  remain,  and  mains  of  this  si"  should  be  examined  for 

All  the  larger  companies  make  some  inspection  of  their  mains 
ranging  from  a  continuous  daily  line  walk  of  mains  down  to  periodical 
inspections  of  certain  locations.  (It  is  not  believed  possible  to  stand- 
ardiie  practice  in  this  regard,  but  a  continuous  patrol  of  high  pres- 
sure and  a  periodical  inspection  of  low  pressure  lines  seems  advis- 
able.) 

Object. 
The  object  of  this  paper  is  to  present  to  the  Institute  the 
bfcst  practice  in  street  tnain  work. 
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Method  of  Preparation. 

In  order  to  secure  the  practice  of  as  many  of  the  gas  com- 
panies as  possible  in  this  country,  a  list  of  questions  was  pre- 
pared, copy  of  which  is  attached  to  this  paper,  and  this  list 
of  questions,  with  accompanying  letter,  was  sent  to  204  com- 
panies. 

The  replies  received  were  carefully  summarized,  and  from 
the  material  so  obtained  and  from  additional  information 
obtained  by  correspondence  and  discussion,  that  practice, 
which  appears  to  the  writer  to  be  the  best,  has  been  selected. 
Under  some  headings  the  practice  of  the  majority  has  not 
been  offered  as  the  best. 

It  is  obvious  that  there  is  necessarily  a  wide  variation  in 
the  methods  used  by  various  companies  throughout  this  coun- 
try, but  a  study  of  the  data  indicates  that  the  variations  are 
not  usually  due  to  geographical  locations  or  climatic  condi- 
tions. In  other  words,  if  there  can  be  shown  to  be  one  best 
practice  in  most  of  the  items  into  which  the  subject  is  divided, 
then  there  is  no  apparent  reason  why  this  best  practice  cannot 
be  adopted  by  all. 

It  is  proposed  to  discuss  each  item  briefly  and  to  present  a 
su^estion  for  standard  practice.  This  is  drawn  usually  from 
the  data  received.    When  from  other  sources  it  is  so  stated. 


First  Sub-Division. 
Cast  Iron  Material. 

STANDARDS. 

Of  all  the  replies  received  58  per  cent,  have  adopted,  or  are 
adopting  the  American  Gas  Institute  Standard  of  191 1  for 
Pipe  and  Specials.  Of  the  remainder  6  psr  cent,  use  American 
Water  Works,  19  per  cent.  American  Gas  Light  Association 
of  1898,  7  per  cent,  their  own  standard  and  10  per  cent,  stated 
that  they  had  no  standard. 
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Of  the  variation  from  the  American  Gas  Institute  and  other 
standards  those  having  reference  to  the  depth  of  bell  are  the 
most  nimierous.  This  will  be  discussed  later  under  joints.  It 
is  obvious,  from  the  fact  of  its  having  prompt  adoption,  that 
the  American  Gas  Institute  standard  has  met  with  universal 
satisfaction  and  no  further  discussion  of  the  subject  seems 
necessary. 


Bell  and  Spigot  Fittings. — The  question,  as  to  whether  all 
bell  tees  and  crosses  or  whether  bell  and  spigot  were  used,  was 
asked  because  many  works  have  adhered  to  the  old  practice 
of  using  spigot  fittings,  consequently  accumulating  a  large 
stock  of  spigot  pieces  of  pipe.  There  seems  to  have  been  no 
possible  excuse  for  this  practice,  though  a  number  of  the 
smaller  plants  still  seem  to  be  using  the  spigot  fittings. 

Some  answers  state  that  spigot  fittings  are  used  for  cut-outs 
and  all  bell  fittings  for  line  work.  If  only  bell  fittings  are 
carried  in  the  smaller  sizes,  only  one  more  joint  is  required 
for  cut-out  work  than  if  spigot  fittings  are  U5ed,.and  the  stock 
required  to  be  carried  is  cut  in  two.  The  cost  of  the  one  addi- 
tional cement  joint  is  less  than  the  cost  of  carryit^  the  addi- 
tional stock.  For  large  size  mains,  16  inches  and  over,  it  is 
customary  in  the  majority  of  works  to  order  their  fittings  as 
required  for  a  particular  job  and  the  question  of  stock  does 
not  enter. 

The  suggestion  is,  therefore,  that  up  to  and  including  12 
inches,  all  bell  fittings  will  answer  every  purpose  for  all  work 
and  will  represent  a  saving  in  the  storeroom  costs  over  the 
slight  additional  cost  of  handling  the  cut-out  work. 

Reducers  or  Bushings. — It  was  mteresting  to  find  that  many 
plants  are  still  using  reducers,  as  for  normal  work  bushings 
are  as  good  and  are  certainly  cheaper,  both  in  first  cost  and  in 
the  cost  of  carrying  the  storeroom  stock.  The  same  line  of 
discussion  can  be  followed  as  with  specials  in  that,  in  16  inches 
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and  over,  jobs  may  be  considered  special  and  fittings  ordered 
as  required,  while  in  12  inches  and  under,  constant  stocks 
would  be  carried  in  the  average  works. 

It  is,  therefore,  suggested  that  the  use  of  bushings  be  sub- 
stituted for  reducers  for  12  inches  and  under. 

Full  Size  or  Reducing  Fittings. — The  question  of  full  size 
or  reducing  openings  at  the  intersections  met  with  the  almost 
universal  response  that  full  size  openings  were  left.  There 
seems  to  be  no  question  that  this  practice  is  the  better  in  mains 
up  to  12  inches,  and  again  in  the  larger  sizes  the  individual 
jobs  can  be  determined  separately. 

Drip  Pots. — The  line  drip  for  permanent  installation  has 
superceded  all  other  types.  The  only  situation  where  a  side 
pot  is  required  would  be  in  a  special  case  where  very  large 
capacity  is  necessary,  when  a  special  construction  would  be 
designed.  The  only  possible  advantage  of  the  side  pot  drip 
is  that  it  can  be  opened  for  cleaning  or  inspection  without 
shutting  down  the  line.  It  is  believed  that  the  necessity  for 
opening  a  drip  for  such  purposes  practically  never  arises  in 
modem  distribution  practice. 

The  recommendation  is  that  the  line  pot  drip  be  universally 
adopted  for  all  sizes,  except  in  the  very  special  cases  above 
mentioned. 

Size  of  Pumping  Line. — The  size  of  the  pumping  line  from 
the  drip  pot  varies  all  the  way  from  5^  inch  to  i^  inches, 
the  majority  using  i  inch. 

The  writer  has  adopted  i^  inch  as  standard  for  the  reason 
that  the  pipe  is  stronger,  has  thicker  waits  to  resist  corrosion 
(which  is  a  very  important  point  with  pumping  pipes),  and 
adds  very  little  indeed  to  the  cost  of  instaUatlon.  The  top 
of  the  pumping  pipe  should  be  finished  with  a  i^  x  i  inch 
reducer  with  the  i  inch  plug  lubricated  with  heavy  oil  only. 

Off-set  Pumping  Pipes. — The  plants  having  the  lai^er  per- 
centage of  paved  streets  use  pumping  pipes  running  straight 
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■lip  from  the  drip  pot.  The  plants  having  a  high  percentage  of 
unpaved  streets  use  off-set  pumping  pipes.  This  could  have 
been  anticipated. 

It  is  interesting  to  observe,  however,  that  there  are  important 
exceptions  to  the  first  rule,  and  in  conjunction  with  several 
"other  engineers,  the  writer  believes  that  the  pumping  pipe 
off-set  to  the  curb  has  a  number  of  advantages  over  the  pipe 
running  straight  up,  under  all  conditions.  The  off-set  pipe,  if 
in  unpaved  streets,  may  be  marked  by  a  substantial  post  at  the 
edge  of  the  parking  to  facilitate  locating  in  bad  weather.  If 
in  paved  streets,  the  box  is  not  subject  to  anything  like  the 
wear  and  tear  of  a  box  in  the  roadway.  If  settlement  takes 
place  so  that  the  lid  of  the  box  actually  rests  on  the  pumping 
point,  no  subsequent  danger  would  arise,  while  if  in  a  roadway 
under  the  same  conditions,  a  broken  pumping  pipe  or  drip  pot 
plug  would  probably  be  the  result.  The  pumping  of  the  drip 
will  not  require  the  obstruction  of  the  roadway  by  the  drip 
wagon  or  other  apparatus,  if  the  pumping  point  is  at  the  curb. 
The  objections  to  the  off-set  pumping  pipe  are  that  the  drip 
cannot  be  "rodded"  but  the  contents  of  the  drip  can  be  obtained 
just  as  readily  by  the  use  of  a  pressure  gauge.  The  disad- 
vantage of  the  off-set  pipe  is  the  fact  that  its  installation  costs 
a  trifle  more  than  the  straight  up,  and  also  the  greater  ex- 
posure to  corrosion  where  running  under  the  curb  to  the  side- 
walk or  parking. 

The  writer  believes  that  the  advantages  of  the  off-set  pipe 
more  than  outweigh  the  straight  up,  and  suggests  it  for  stand- 
ard practice. 

Pumping  Point  Cover. — The  type  of  box  generally  accepted 
to  be  placed  over  the  pumping  points  of  drips  is  a  substantial 
cast  iron  box  with  a  square  or  round  loose  cover  and  with  an 
adjustment  as  to  length.  The  fastening  of  the  covers  on  with 
screws  is  a  practice  not  to  be  commended.  After  setting  the 
box  to  grade  it  should  be  filled  with  sand  and  tar.  There 
seems  to  be  no  reason  why  this  type  of  cover  should  not  be  as 
standard  as  street  main  specials  and  it  is,  therefore,  suggested 
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that  it  be  standardized  and  added  to  the  cast  iron  pipe  and 
special  standards. 

Valves. — With  the  exception  of  three  companies,  street  main 
valves  are  not  used  in  low  pressure  cast  iron  work  except  at 
the  ends  of  bridges  or  other  locations  where  the  mains  might 
be  destroyed  by  outside  sources.  There  seems  to  be  no  reason 
for  the  use  of  valves  on  low  pressure  mains  except  in  these 
dangerous  locations. 

Valve  Covers, — The  valves  should  be  covered  with  a  sub- 
stantial iron  cover  on  a  brick  manhole  so  that  access  to  the 
valve  for  packing,  oiling  and  testing  can  be  readily  obtained. 
The  use  of  small  covers  over  active  street  main  valves  is  not 
to  be  commended. 

LAYING  DATA. 

Location. — The  question  as  to  the  location  in  the  roadway 
was  asked  to  determine  if  a  location  at  one  side  of  the  center 
of  the  street  was  not  the  universally  accepted  location  for  the 
gas  main.  On  account  of  the  varying  condition  of  other  under- 
ground constructions  it  is  of  course  impossible  to  si^gest 
standardizing  a  location.  The  universal  practice,  however,  is 
to  locate  the  gas  mains  at  such  a  point  that  they  are  about 
4  feet  from  curb  lines  or  will  be  about  4  feet  from  a  curb  to 
be  subsequently  installed.  This  applies  to  the  smaller  service 
mains  and  not  nectssarily  to  the  larger  supply  mains. 

Depth. — The  depths  at  which  mains  are  laid  seem  to  have  no 
general  connection  with  the  climate.  One  reply  is  character- 
istic of  what  is  apparently  good  practice:  "Mains  are  laid 
3  feet  6  inches  deep  because  this  is  the  best  location  with 
reference  to  other  underground  structures,  the  frost  going 
down  to  7  feet." 

While  it  is  true  that  the  majority  of  plants  located  in  the 
south  lay  their  mains  shallower  than  those  in  the  north,  there 
does  not  seem  to  be  any  particular  reason  for  this  except  that 
it  was  apparent  that  most  of  the  southern  plants  that  laid 
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shallow  were  those  in  which  other  underground  structures 
were  not  nearly  as  extensive  as  would  be  found  in  northern 
cities,  of  the  same  size.  The  writer  is  of  the  opinion  that,  if 
it  were  practicable  to  lay  gas  mains  at  such  a  depth,  that  under 
no  conditions  would  they  be  reached  by  frost,  it  would  be 
advantageous  from  the  standpoint  of  safety  to  the  mains.  In 
other  words,  mains  below  any  possible  frost  line  would  be  less 
likely  to  be  broken  by  strains  set  up  by  temperature  changes 
than  mains  within  the  frost  depth.  This  one  advantage,  how- 
ever, would  scarcely  justify  the  greater  depth.  One  large 
northern  city  lays  its  mains  at  a  depth  of  6  feet  and 
another  6  feet  6  inches,  but  the  majority  adhere  to  a  depth  of 
3  feet  6  inches  and  4  feet.  Depths  of  only  2  feet  are 
undesirable  because  of  the  increasing  use  of  deep  pavements 
and  heavy  paving  machinery  and  also  because  of  the  difficulty 
of  properly  grading  services  to  the  shallow  mains. 

The  suggestion  is,  therefore,  that  under  normal  conditions, 
the  mains  are  laid  from  3  feet  to  3  feet  6  inches  meas- 
ured from  the  grade  line  to  the  top  of  the  pipe.  This  con- 
clusion drawn  from  the  data  differs  from  the  opinion  given 
on  pages  382  to  384  of  the  Catechism  of  Central  Station  Gas 
Engineering  in  the  United  States. 

Grading.— The  question  as  to  grading  of  the  mains  was 
evidently  not  clearly  understood,  as  gradings  were  given  vary- 
ing from  3  inches  in  12  feet  to  "as  near  level  as  possible."  In 
good  street  main  construction  an  allowance  of  %  inch  in 
12  feet  will  insure  satisfactory  drainage. 

Blocking. — The  widest  variation  in  opinion  was  in  the  ques- 
tion of  laying  on  bare  earth  or  on  blocking.  While  the  majority 
of  the  companies  lay  on  bare  earth,  if  the  average  is  weighted 
by  miles  of  main  in  use,  the  advantage' is  slightly  in  favor  of 
blocking.  In  other  words,  some  of  the  largest  companies  use 
blocking  as  a  standard  practice. 

The  writer  has  discussed  this  matter  with  a  number  of 
leading  engineers  and  is  now  of  the  opinion  that  the  advan- 
tages in  favor  of  blocking  are  not  sufficient  to  warrant  their 
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universal  use  as  a  standard  method  of  construction.  Careful 
main  laying  requires  a  true  bottom  to  the  ditch  and  if  the 
ground  is  virgin  soil  the  length  of  main  will  be  supported 
better  than  if  laid  on  blocking.  Where  filled  ground  or 
unusual  conditions  exist  blocking  alone  will  not  suffice  to  prop- 
erly support  the  mains.  A  special  design  would  necessarily 
have  to  be  made  for  the  particular  job  by  the  man  responsible. 
The  above  applies  without  qualification  to  mains  12  inches 
and  smaller.  In  larger  mains  another  question  is  involved 
and  that  is  the  use  of  blocking  to  insure  satisfactory  alignment 
in  laying  the  heavy  lengths  of  pipe,  the  idea  being  to  insure 
the  weight  being  taken  off  the  joints.  If  sufficient  blocking 
is  used  here,  the  additional  expense  involved  is  justified  for 
laying  mains  16  inches  and  over  and  the  following  schedule  is 
suggested : 

Table  No.  i. 

Size  of  bloclcing 
Sizemain  Length  Width       Thickness 

16-20  24  12  3 

24-30  30  12  4 

36-48  36  12  .  4 

Two  blocks  to  be  laid  back  of  each  bell  and  two  blocks  in 
front  of  each  bell,  making  four  blocks  to  each  length  of  main. 
As  in  smaller  mains,  this  blocking  is  not  adequate  to  properly 
suport  the  mains  except  on  original  soil. 

Protection  against  Corrosion.— It  is  not  necessary  to  protect 
cast  iron  pipe  against  corrosion  except  in  filled  soil,  which  is 
known  to  contain  corrosive  material,  in  which  case  a  bed  of 
dean  clay  6  inches  thick  completely  surrounding  the  pipe  is 
sufficient  protection.  It  is  believed  that  the  plants  that  use 
cast  iron  pipe  coated  with  tar  or  bituminous  compounds  are 
wasting  the  money  spent  on  the  coating. 

Electrolysis. — It  is  not  proposed  to  go  into  the  question  of 
electrolysis  as  it  has  been  thoroughly  discussed  in  a  number 
of  complete  articles  in  the  technical  journals.  Of  alt  the 
answers  received  only  a  very  few  plants  used  any  method  of 
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protection  and  these  by  some  method  of  bonding.  The  advan- 
tages and  disadvantages  of  these  methods  have  been  fully  dis- 
cussed by  thoroughly  competent  engineers  and  it  is  not  neces- 
sary to  take  up  the  matter  again. 

Testing  Joints. — Eighty  per  cent,  of  the  companies  tested  all 
joints  before  filling,  9  per  cent,  tested  part  of  their  mains,  the 
smaller  sizes  as  a  rule  being  passed  without  testing,  and  11 
per  cent,  do  not  test  at  all.  Opinions  were  equally  divided  as 
to  the  relative  merits  of  air  and  gas  pressure  and  the  depend- 
ence on  soap-suds  or  on  a  gauge  by  those  companies  that  tested 
their  joints.    The  su^ested  best  practice  is  as  follows: 

All  joints  for  low  pressure  up  to  and  including  12  inches  to 
be  tested  with  soap-suds  under  the  pressure  of  the  gas  only. 
All  mains  for  low  pressure  16  inches  and  over  to  be  tested 
with  air  pressure  at  5  pounds  using  soap-suds  and  not  depend- 
ing on  the  gauge.  All  cast  iron  carrying  higher  than  the 
recognized  low  pressure  to  be  tested  with  air  pressure  and 
soap-suds  at  a  pressure  not  less  than  twice  the  maximum  pres- 
sure to  which  the  main  is  subsequently  to  be  subjected. 

Mention  should  be  made,  however,  of  the  fact  that  there  is 
one  notable  exception  to  the  companies  that  test  joints.  This 
company  uses  no  jointing  material  for  cast  iron  mains  except 
lead  wool,  and  does  not  test  the  joints  at  all. 

Bags  and  Stoppers. — The  perfection  of  the  street  main 
stopper  has  evidently  commended  itself  to  a  large  number  of 
companies.  Only  23  per  cent,  of  the  answers  received  use 
bags  only,  66  per  cent,  use  bags  and  stoppers,  while  1 1  per 
cent,  use  stoppers  exclusively.  That  stoppers  are  satisfactory 
for  all  pipe  except  some  very  old  imported  cast  iron  or  pipe 
which  is  partly  filled  with  foreign  material  is  evidenced  by  the 
II  per  cent,  of  the  plants  which  have  no  bags  whatever  in 
stock.    This  is  of  course  not  offered  as  standard  practice. 

Prevention  of  Freezing. — The  method  adopted  to  prevent 
freezing  over  bridges  and  exposed  places  is  by  enlarging  the 
pipe,  using  two  sizes  larger  than  the  connecting  main.  The 
writer  does  not  believe  that  this  is  sufficient  enlargement  in 
extreme  climates  unless  the  gas  is  partially  dehydrated  before 
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reaching  the  point  of  exposure.  However,  the  opinion  of  the 
best  engineers  seems  to  be  that  it  is  the  only  method  of  insur- 
ing against  frost  stoppages  and  except  under  the  most  unusual 
conditions,  protective  covering  is  not  satisfactory.  It  is  sug- 
gested, therefore,  that  the  best  practice  is  the  enlargement  of 
the  pipe,  while  it  is  not  possible  to  offer  a  suggestion  as  to 
the  amount  of  increase  in  diameter. 

Maximum  Tap  Hole. — The  maximum  size  hole  allowed  to 
be  tapped  in  each  size  main  met  with  a  wide  variation  in 
response. 

One  company  tapped  4  inch  mains  as  large  as  2  inches  with- 
out a  sleeve.    From  consideration  of  all  answers  received  the 
following  schedule  is  offered  as  the  best  practice: 
Table  No.  2. 

«ln.         Bill.      leln.  12  in.     16 id. 


In  3  inch  mains  if  the  ^  inch  hole  is  tapped  for  a  service 
connection  a  split  sleeve  should  be  put  on.  Any  hole  tapped 
in  a  2  inch  main  should  be  subsequently  covered  by  a  sleeve. 
It  will  be  noted  that  i  inch  is  the  largest  size  allowed  for  4  inch 
pipe  although  the  majority  of  companies  allowed  1^4  inch. 

The  writer  offers  this  largely  from  his  own  experience  in 
having  4  inch  mains  broken  at  i^  inch  taps.  It  will  be  under- 
stood that  if  any  larger  hole  than  that  given  in  the  schedule 
is  desired  that  split  sleeves  or  the  proper  fittings  are  to  be  used. 

Ditching  and  Pilling. — The  7  questions  covering  the  subject 
of  digging  and  filling  ditches  were  used  to  secure  general 
information  more  than  with  any  idea  of  establishing  a  stand- 
ard. It  is  obvious  that  the  method  employed  in  a  town  built 
on  solid  rock  would  vary  widely  from  that  of  a  town  founded 
on  sand.  The  summation  of  this  data  is  as  follows,  all  apply- 
ing to  soils  which  can  be  removed  with  spades  or  picks  and 
shovels. 

Ditching  by  piece  work  under  normal  conditions  is  satis- 
factory apd  economical. 
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Machine  ditching  is  generally  unsatisfactory  in  urban  work. 
In  suburban  work  if  used  at  all  it  should  be  by  contract. 

If  ditches  can  be  filled  li^tly  as  is  allowable  in  the  out- 
lying sections  of  many  cities  the  most  economical  method  is  to 
tamp  around  and  over  the  pipe  and  fill  the  balance  with  a 
scraper  either  with  a  horse  or  motor.  The  subsequent  flushing 
of  this  lightly  filled  ditch  will  make  a  fair  job  but  can  only  be 
used  where  water  can  be  secured  at  an  economical  figure. 

The  brief  reports  on  machine  tamping  show  it  to  be 
satisfactory. 

The  filling  of  excavations  with  sand  is  said  to  be  required 
by  some  municipalities.  There  is  no  ground  for  this  action  as 
applied  to  well  operated  gas  companies. 

JOINTING  DATA. 

Lead  Joints. — Six  per  cent,  of  the  companies  use  lead  joints, 
9  per  cent,  cement  joints  and  85  per  cent.  both. 

The  schedule  given  below  shows  the  proper  depth  of  cast 
lead  in  lead  joints,  all  based  on  American  Gas  Institute  stand- 
ard bells.  This  is  not  an  exact  average  of  all  data  submitted. 
Table  No.  3. 

BiMotmain  3  In.       4  in.        Sin.  Kin.         10  in.         11  In.         16  In. 

Depth  of  lead.  ■■  i-S        i-5        '-75        »-'>o       ^-"o       sas        a^S 

S<»ofiiuln  » in.      14  in.      joEn.  36  In.         41  In,         4S<n. 

Deplhof  lend...  1.25     .2.5        2.5  j.75        3.75       "j.75 

Lead  Wool. — Lead  wool  is  being  used  to  some  extent  by  a 
few  gas  companies  and  the  reports  on  its  efficiency  are  very 
favorable.  The  exclusive  use  of  this  material  by  one  large 
company  has  been  mentioned.  The  theory  of  the  lead  wool 
joint  is  apparently  sound.  There  is  not  sufficient  data  at  hand 
to  make  a  specific  suggestion  but  the  matter  will  be  referred 
to  again  under  the  discussion  of  jointing  material. 

Hand  or  Machine  Caulking. — For  small  jobs  the  expense 
of  moving  a  portable  machine  for  caulking  is  so  great  as  to 
render  its  consideration  out  of  the  question.  For  large  mains 
or  extended  jobs  of  small  mains  the  machine  hammer  is  more 
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economical,  both  as  to  actual  operating  cost  and  in  the  per- 
fection of  the  finished  work. 

Yarn. — Untarred  dry  jute  packing  with  long  fiber  and  free 
from  grease  is  suggested  as  the  best  material  for  packing  both 
lead  and  cement  joints. 

Cement  Joints. — The  almost  universally  accepted  method  of 
making  cement  joints  is  to  drive  one  rope  of  packing  to  the 
back  of  the  bell  with  a  heavy  yarning  iron  and  hammer,  then 
to  fill  the  joint  with  neat  cement  properly  mixed ;  drive  another 
rope  of  packing  with  yarning  iron  and  hammer,  and  point  the 
face  of  the  joint.  The  variations  from  this  method  are  very 
few.  One  variation  consists  of  making  a  joint  with  a  spiral 
of  yarn  extending  from  the  back  to  the  front  of  the  bell  and 
holding  in  place  a  spiral  of  cement.  It  is  incredible  that  this 
joint  could  be  made  tight.  Another  variation  consists  of  alter- 
nate layers  of  cement  and  yam.  This  is  undesirable  because 
it  has  been  found  that  the  maximum  amount  of  cement  pos- 
sible should  be  used  in  a  joint. 

Brand  of  Cement. — Any  high  grade  Portland  cement  may  be 
used  for  joints.  The  use  of  imported  cement  seems  to  have 
been  almost  entirety  given  up.  A  medium  setting  cement 
rather  than  a  quick  or  slow  setting  is  desirable.  If  any  com- 
pany is  using  the  new  extra  fine  German  Portland  cement, 
there  was  no  report  on  it. 

Other  Jointing  Material. — No  other  jointing  materials  except 
lead  and  cement  are  used  by  any  of  the  companies  answering 
the  questions.  One  company  uses  a  special  brand  of  ground- 
joint  pipe. 

Lead  or  Cement. — Lead  joints  were  used  in  part  by  a  num- 
ber of  the  companies  at  certain  locations  such  as  at  intersec- 
tions, at  various  intervals  along  lines  of  cement  joint  mains, 
and  on  large  mains. 

There  is  believed  to  be  no  merit  whatever  in  using  lead  joints 
for  the  first  two  cases,  but  in  the  third,  that  is,  in  large  mains, 
many  of  the  larger  companies  are  discontinuing  the  use  of 
cement.  The  sizes  above  which  lead  joints  are  stated  to  be 
more  desirable  than  cement,  vary  from  8  inches  to  30  inches. 
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The  writer  drawing  on  his  own  experience  and  the  experi- 
ence of  a  number  of  other  engineers  ventures  the  assertion 
that  cement  joints  on  cast  iron  mains  i6  inches  and  over  are  not 
to  be  depended  upon.  This  means  mains  laid  with  all  known 
precaution  in  making  cement  joints  and  using  American  Gas 
Institute  standard  pipe  and  specials.  In  other  words,  it  is 
offered  as  standard  practice  that  cement  joints  be  made  only 
on  mains  up  to  and  including  12  inches  and  that  over  12  inches 
either  a  special  bell  or  a  special  joint  be  adopted. 

The  reason  for  failure  in  cement  joints  in  the  larger  size 
mains  seems  to  be  that  the  joints  are  not  as  strong  as  the  pipe 
itself.  There  have  been  some  experiences  in  cement  joint 
mains  in  the  smaller  sizes  where  the  mains  have  broken  very 
near  the  bells  where  the  cement  joint  remained  intact.  In  large 
mains  the  joints  leak  before  the  mains  give  way.  Apparently 
contraction  alone  will  not  break  any  gas  main  unless  it  is  aided 
by  some  other  lateral  strain,  unusual  condition  or  flawed  pipe. 
With  a  variation  of  100  degrees  F.  in  a  bar  of  cast  iron  held 
rigidly  at  the  ends,  the  calculated  factor  of  safety  against 
breakage  is  about  2^,  and  100  degrees  F.  is  at  least  twice  the 
maximum  variation  in  temperature  which  might  be  expected 
in  any  underground  main.  The  large  mains  resist  lateral 
strains  to  a  much  greater  extent  than  small  mains,  but  the 
difference  in  temperature  between  the  top  and  bottom  of  a 
large  main  is  probably  sufficient  to  set  up  serious  stresses  in 
the  joints. 

It  occurred  to  the  writer  that  it  might  be  possible  to  calcu- 
late theoretically  the  stresses  to  which  joints  are  subjected  due 
to  change  in  temperature  in  the  mains. 

For  the  purpose  of  making  the  calculation  a  30  inch  main 
with  standard  American  Gas  Institute  bells  was  assumed  to 
be  laid  in  the  chmate  of  Des  Moines,  la.,  with  all  possible 
care,  and  that  the  main  was  subjected  to  changes  in  tempera- 
ture such  as  are  known  to  take  place  under  ground  in  that 
climate. 

Certain  assumptions  necessarily  had  to  be  made,  as  a  basis 
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of  the  theoretical  calculation,  but  these  assumptions,  it  is 
believed,  are  well  within  the  practical  possibilities. 

It  was  found  that  the  combined  shear  on  the  joints  in  the 
straight  pull  and  bending  moment,  due  to  changes  in  tempera- 
ture and  the  difference  in  temperature  at  the  top  and  bottom 
of  the  pipe,  was  112  pounds  per  square  inch  as  a  maximum. 
This  shear  is  two  and  a  quarter  times  the  shear  allowed  in 
concrete  steel  work  for  the  maximum  safe  contact  strength  of 
steel  and  cement.  In  other  words,  the  shearing  stress  to  which 
the  30  inch  joint  would  be  subjected  under  these  conditions 
due  to  temperature  alone  is  excessive  and  when  there  are  added 
to  this  stress,  other  stresses  due  to  forces  outside  of  the  main, 
it  would  seem  that  it  would  be  a  mere  accident  if  30  inch 
cement  joints  with  standard  bells  would  remain  tight. 

Following  out  this  calculation  the  depth  of  bells  necessary 
to  have  sufficient  shearing  strength  for  the  contact  between  the 
cement  ring  and  the  iron  of  the  bell  or  spigot  was  calculated 
in  the  30  inch  main  and  based  on  this  calculation  the  following 
schedule  is  offered  as  the  proper  depth  for  bells  of  the  larger 
size  mains  where  straight  cement  is  used. 
Table  No.  4. 

Blwornuin        i&<n.        »iii.         i4ln.        ioia.         j6io,        41  <n.        4S  in. 

Depth  of  apecial 
bell  for  cemettt 
jointi,  inches-  ■  ■  5.75       6.15       6.75        7.25        7.25        7,»s       7.25 

Another  joint  which  has  been  used  to  a  very  large  extent  in 
repair  work  and  to  some  extent  in  new  work  is  the  combined 
lead  and  cement  joint 

This  joint  is  made  by  making  the  cement  joint  in  the  usual 
way  including  driving  the  cement.  The  cement  is  then 
trimmed  out  evenly  so  that  the  front  face  of  the  cement  is  at 
the  back  edge  of  the  lead  ring,  which  in  American  Gas  Institute 
standard  is  1%  inch  from  the  face  of  the  bell.  After  allowing 
the  cement  to  set  for  24  hours  a  lead  joint  is  cast  in  front  of 
the  bell  and  caulked,  or  a  lead  wool  joint  is  caulked  in. 

This  joint  would  be  identical  with  cement  joints  which  have 
been  repaired,  by  cutting  out  the  front  yam  and  the  necessary 
69 
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ceinent  on  the  old  joint  and  casting  and  caulking  a  lead  joint 
in  front  of  it. 

The  writer  in  common  with  many  other  engineers  has  done 
a  great  deal  of  this  repair  work  on  i6  inch  mains  and  over. 
It  is  cheaper  than  using  a  special  clamp  and  in  experience 
extending  over  the  number  of  years  there  has  been  absolutely 
no  subsequent  leakage  in  the  joints  so  repaired.  The  possible 
reason  for  the  efficiency  of  this  joint  is  that  the  cement  rir^ 
holds  the  joint  rigid,  or  rather  confines  its  movement  to  ex- 
tremely small  amounts,  and  the  lead  ring  has  sufficient  elas- 
ticity to  remain  tight  under  the  very  slight  movement. 

The  point  is,  therefore,  that  if  the  joints  have  been  found 
satisfactory  in  repair  work,  there  is  no  apparent  reason  why 
they  cannot  be  used  satisfactorily  for  new  work.  The  approxi- 
mate cost  of  these  joints  and  the  cost  of  all  lead  joints  with 
the  standard  bell  and  depth  of  lead  given  in  Table  No.  3,  and 
also  of  all  cement  joints  with  the  special  depth  of  bell  given  in 
Table  No.  4,  is  as  follows : 

Table  No.  5. 
CoMPAkATivH  Costs  op  Various  Joints. 


In, 

Com       Perec 

nl. 

Cost 

Per  «ul. 

Com    P 

rceni 

Co«t    Percent 

16 

$1.11          .00 

0 

*r.77 

83.8 

fl.io 

569 

Jo.56         36.6 

IP 

3.14          100 

0 

a.6i 

83,1 

1.7a 

54.8 

0.8S       38.0 

14 

4.27          100 

0 

.1-4U 

79-6 

1.21 

5". 8 

1.09       35.6 

30 

5.21               I03 

(. 

4.16 

79-7 

2.70 

51-8 

1.63        31-:' 

.J6 

6.30             100 

0 

5.02 

79-5 

3-a6 

51-7 

a.  15        34.' 

4» 

7.IJ              100 

0 

6.34 

86.0 

3-79 

Sa.i 

1.58        35-5 

4« 

8..14         loo 

0 

7.IJ 

85.4 

4.36 

53.2 

3-05        J6.5 

NOTES. 

1.  The  costs  are  for  labor  and  material  for  joints  only  and 
are  approximate. 

2.  The  per  cent,  columns  show  the  per  cent,  of  the  cost  of 
the  lead  wool  joint,  which  is  the  highest. 

3.  Cost  of  additional  iron  in  the  pipe  is  included  in  the  deep 
cement  joint. 
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It  will  be  noted  that  the  deep  cement  joint  is  cheaper  than 
the  combination  lead  and  cement  joint  and  very  much  cheaper 
than  the  all  lead  or  lead  wool  joint.  If,  however,  it  were 
known  that  the  lead  wool  joint  would  remain  permanently 
tight,  it  would  probably  be  offered  as  standard  r^ardless  of  ■ 
its  high  cost. 

The  subject  may  be  summarized  for  mains  i6  inches  and 
over  as  follows : 

Cast  lead  joints  in  standard  bells  usually  leak  slightly  in  the 
cmirse  of  time. 

Cement  joints  in  standard  bells  will  eventually  leak  more  or 
less  badly  and  the  larger  the  size  the  greater  the  leakage. 

The  combined  lead  and  cement  joint  in  standard  bells  has 
been  proved  by  reasonable  experience  to  be  satisfactory. 

The  lead  wool  joint  in  standard  bells  has  also  been  proved 
satisfactory  by  reasonable  experience. 

The  special  deep  bell  all  cement  joint  may  be  satisfactory. 

The  matter  is  left  open  for  discussion.  What  is  needed  is 
experience  from  actual  service,  l^aboratory  experiments  have 
not  been  satisfactory.  The  writer  suggests  that  from  the 
standpoint  of  low  first  cost  and  probable  service,  that  the  most 
hopeful  combination  is  the  special  deep  bell  with  cement  joints, 
with  lead  wool  in  any  of  the  few  joints  where  a  standard  bell 
might  have  to  be  used. 

The  use  of  lead  joints  in  small  mains  in  very  cold  or  very 
hot  weather  is  unnecessary  because  it  is  entirely  possible  to 
make  satisfactory  cement  joints  in  freezing  or  torrid  weather 
by  taking  reasonable  precautions. 

Clamps. — Where  cast  iron  mains  are  to  be  used  for  moderate 
pressures,  say  up  to  5  pounds,  the  ordinary  forms  of  jointing 
material  cannot  be  depended  on.  For  these  pressure  mains, 
clamps  should  be  used  over  the  joints  if  standard  cast  iron 
pipe  is  used  and  an  asbestos  gasket  is  preferable  to  rubber. 
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Second  Sub-Division. 
Steel  Material  for  Street  Mains. 

LOW  PRESSURE   WORK. 
Although  about  half  the  companies  use  steel  pipe  for  low 
pressure  mains  at  times,  it  is  always  for  special  situations  or 
below  certain  sizes.    The  comparative  mileage  is  very  small. 

Steel  or  Wrought  Iron. — About  half  the  companies  specify 
wrought  iron  in  preference  to  steel.  The  mild  steel  now  being 
turned  out  by  the  tube  mills  is  really  the  so-called  wrought 
pipe  and  an  order  for  wrought  pipe  or  black  pipe  will  be  filled 
with  steel.  The  so-called  genuine  wrought  iron  pipe  com- 
mands a  premium  of  about  15  per  cent,  over  steel.  Its  addi- 
tional value  is  not  apparent.  Spellerized  steel  pipe  is  probably 
as  durable  as  the  wrought  iron. 

Merchant  or  Full  Weight. — The  leading  mills  now  roll  only 
full  card  weight  pipe  so  that  it  is  no  longer  necessary  to 
specify  it. 

Size  in  Preference  to  Cast  Iron. — The  smallest  size  of  cast 
iron  which  should  be  laid  under  any  condition  is  4  inches,  and 
the  reference  to  smaller  sizes  in  the  discussion  heretofore  must 
be  understood  to  refer  to  mains  which  have  been  laid  in  the 
past.  For  anything  smaller  than  4  inches,  steel  pipe  should 
be  used  because  cast  iron  pipe  in  3  inches  and  less  is  too 
fragile  to  be  depended  on  for  underground  work.  Two  of 
the  largest  companies  do  not  lay  any  cast  iron  less  than  6 
inches.  Another  stops  at  8  inches.  It  is  beHeved  that  the  con- 
ditions governing  these  situations  are  unique  and  that  4  inch 
cast  iron  mains  are  substantial  enough  for  urban  work,  with 
the  possible  exception  of  congested  districts  in  the  larger  cities. 
This  would  all  come  under  relaying  and  it  is  not  possible  to 
imagine  such  a  condition  where  anything  less  than  6  inch  cast 
iron  would  have  sufficient  capacity,  so  this  size  or  larger  would 
be  used  as  a  matter  of  course. 
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Life  of  Steel  Mains. — The  life  of  steel  pipe  in  neutral  soils 
which  remain  undisturbed  by  any  outside  conditions  is  as 
indefinite  as  cast  iron. 

Coating. — In  the  answers  to  the  question  as  to  coating  the 
companies  specified  a  wide  range  of  materials.  Five  per  cent, 
specified  Hickenlooper  coating,  7  per  cent,  asphalt,  12  per  cent, 
red  lead  and  oil,  32  per  cent,  tar,  9  per  cent,  various  com- 
mercial preparations,  2  per  cent,  galvanized,  and  33  per  cent, 
no  coating. 

It  is  not  believed  that  any  of  the  coatings  named  can  be 
depended  on  to  give  entire  satisfaction  under  all  conditions, 
and  the  expressions  of  opinion  from  a  number  of  engineers 
lead  to  the  conclusion  that  any  plastic  coating  applied  by 
brushing  or  dipping  might  profitably  be  omitted. 

The  matter  has  been  the  subject  of  much  technical  litera- 
ture. The  first  specific  reference  to  coating  wrought  pipe  for 
gas  service  work  was  Dr.  Humphrey's  short  topic  at  the  1896 
meeting  of  the  American  Gas  Light  Association,  published  in 
Volume  13  of  the  Proceedings,  page  186.  This  was  the 
Hickenlooper  coating  and  the  reports  at  that  time  indicated 
that  it  was  satisfactory  as  far  as  it  went.  This  is  undoubtedly 
true  for  this  coating  up  to  the  present  time. 

The  subject  has  come  up  very  extensively  in  the  last  decade 
with  special  reference  to  the  coating  of  steel  conduits  now 
extensively  ttsed  in  hydraulic  installations,  and  the  conclusion 
or  rather  lack  of  conclusion  seems  to  indicate  that  the  matter 
is  far  from  settled. 

The  pipe  coating  suggested  by  Mr.  von  Maur  of  St.  Louis 
and  described  on  page  318,  Volume  6,  Part  i.  Proceedings 
of  the  American  Gas  Institute,  is  undoubtedly  superior  to  any 
plastic  coverings  applied  by  dipping  or  brushing.  One  of  the 
large  pipe  manufacturers  supply  a  coating  of  this  type  con- 
sisting of  one  or  more  layers  of  fabric  saturated  with  a  bitu- 
minous compound  wrapped  on  the  pipe,  which  is  first  cleaned 
and  dipped.  The  cost  of  this  covering  adds  about  1  cent  per 
foot  per  inch  of  diameter. 

It  has  been  stated  many  times  by  competent  metallurgical 
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engineers,  if  the  metal  of  the  pipe  underground  can  be  pro- 
tected from  any  contact  with  air,  moisture,  acid  or  electrolytic 
attack,  its  life  will  be  indefinitely  long.  The  problem  is  to 
supply  the  protection  economically. 

A  summary  of  the  methods  used  to  exclude  moisture,  air 
and  acid  from  the  pipe  and  the  probable  relative  merit  of  each 
method  are  as  follows : 

First:  A  plastic  coating  applied  by  brushing  or  dipping. 
The  value  of  these  coverings  is  questionable. 

Second :  Coatings  consisting  of  a  combination  of  plastic 
protection  and  fabric.  This  covering  is  undoubtedly  superior 
to  the  plain  plastic  covering  and  if  properly  and  continuously 
applied  will  add  materially  to  the  life  of  the  pipe. 

Third :  Plastic  coatings  subsequently  baked  on,  in  a  manner 
similar  to  enameling  processes.  This  type  of  protection  has 
been  reported  as  being  satisfactory  if  it  is  continuous. 

Fourth:  Enclosing  the  pipe  in  adequate  boxing  filled  with 
pitch  or  with  a  mixture  of  sand  and  pitch.  This  protection 
if  properly  applied  and  remaining  undisturbed  will  afford  ccan- 
plete  protection. 

Fifth:  Enclosing  the  pipe  in  adequate  boxing  filled  with 
cement  mortar.  This  also  is  an  efTectual  and  complete 
protection  if  properly  applied.  It  is  believed  that  where  this 
method  has  been  used  and  subsequent  failure  reported,  that 
the  methods  used  in  the  original  installation  were  defective.  It 
has  the  advantage  over  all  other  types  of  protection  in  that  it 
is  practically  indestructible. 

Pittings. — The  suggestion  for  the  best  fitting  for  under- 
ground work  for  steel  pipe  is  an  extra  heavy  galvanized 
recessed  fitting.  Standard  weight  galvanized  recessed  fittings 
will  be  probably  satisfactory,  but  the  slight  additional  cost  of 
the  extra  heavy  makes  their  recommendation  advisable. 
Dresser  fittings  or  fittings  of  the  Dresser  type  are  neither 
necessary  or  desirable  for  low  pressure  work. 

Repair  JVork.^For  repair  work  on  low  pressure  steel 
mains  the  standard  cast  iron  split  sleeves  with  cement  joints 
are  satisfactory. 
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Sleez-es  with  Rubber  Packing. — Of  tlie  comparatively  few 
answers  received  to  this  question  a  large  minority  were  of  the 
opinion  that  rubber  for  underground  work  was  undesirable. 
Certainly  this  is  enough  to  throw  doubt  on  the  efficiency  of 
rubber  gaskets  and  they  are,  therefore,  not  recommended.  As 
a  substitute,  asbestos  gaskets  are  suggested.  The  use  of  asbes- 
tos gaskets  for  making  gas  tight  joints  in  exposed  work  under 
the  lids  of  dry  lute  purifiers  and  in  .similar  situations,  has  been 
found  to  be  satisfactory.  The  service  is  probably  as  hard  on 
the  gaskets  under  these  conditions  as  in  an  underground  main. 

Pipe  Joint  Cement. — Thirty-eight  per  cent,  of  the  companies 
use  red  lead  and  oil,  26  per  cent,  use  white  lead,  4  per  cent,  use 
graphite,  4  per  cent,  use  Portland  cement  and  oil,  28  per  cent, 
various  commercial  preparations.  For  permanent  work  red 
lead  in  linseed  oil  is  suggested  as  the  best  pipe  joint  cement. 

Depth  Laid. — The  discussion  as  to  the  depth  of  steel  mains 
for  urban  work  follows  exactly  the  same  line  as  for  cast  iron 
mains  and  the  suggestion  is  that  they  be  laid  from  3  feet  to  3 
feet  6  inches  deep. 

Expansion. — No  provision  for  e-Kjtansion  is  necessary. 

Blockiny. — Blocking  under  normal  conditions  is  unneces- 
sary. For  abnormal  conditions  the  same  specifications  as  for 
cast  iron  apply,  in  that  blocking  is  not  sufficient  to  ^^upport  the 
mains  in  filled  ground  and  a  special  design  should  be  made. 
The  additional  strength  of  steel  pipe  should  not  be  depended 
on  to  hold  up  in  loose  fills. 

Testing. — -For  low  pressure  work,  testing  with  gas  pressure 
and  using  soap-suds  on  each  joint  is  satis  fact  or)-. 

Valves.  The  use  of  valves  except  in  the  special  locations 
described  under  cast  iron  is  unnecessary. 

Drips. — The  majority  of  the  companies  specify  a  drip  made 
up  of  pipe  and  in  the  absence  of  specific  descriptions  this  is 
understood  to  mean  a  cross  set  vertically  in  the  line  with  a 
capped  pipe  extending  down  from  the  bottom  outlet  to  form  a 
reservoir  and  the  top  outlet  equipped  with  the  proper  bushing 
and  pumping  pipe.    This  type  of  drip  is  satisfactory,  and  the 
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demand  is  so  small  that  it  is  inadvisable  to  have  a  standard 
casting  made  for  line  drips  in  3  inches  and  less. 

Tapping. — Tapping  small  steel  pipe  for  service  connections 
is  poor  practice.  When  a  line  is  laid,  tees  looking  up  should 
be  left  for  the  known  services  and  the  standard  street  tee  and 
ell  used  for  the  service  connection.  For  subsequent  service 
connections  the  use  of  a  standard  cast  iron  split  sleeve  tapped 
with  the  proper  hole,  is  suggested.  The  standard  saddle  used 
for  high  pressure  taps  is  equally  good  if  tapped  with  a  large 
enough  hole.  The  standard  split  sleeves,  however,  would  gen- 
erally be  carried  in  stock. 

HIGH    PRESSURE    WORK — PIPE    LINES, 

The  general  construction  for  high  pressure  work  is  similar 
to  that  of  low  pressure  steel  pipe.  To  keep  the  matter  col- 
lected under  each  heading,  specifications  which  are  alike  or 
similar  are  repeated. 

Steel  or  Wrought  Iron. — Sixty-four  per  cent,  of  the  com- 
panies specified  steel  pipe,  36  per  cent,  specified  wrought  iron. 
As  heretofore  stated  the  advantages  of  wrought  iron  pipe  as 
now  rolled,  over  the  mild  steel  pipe  of  the  trade  is  not  apparent. 
Wrought  iron  pipe  of  charcoal  iron  might  be  more  durable 
than  mild  steel,  but  pipe  is  not  manufactured  of  this  material. 

Line  Pipe. — Line  pipe  is  universally  used  for  pipe  lines. 
No  companies  reporting  used  extra  heavy. 

Coating. — Seventeen  per  cent,  of  the  companies  do  not  coat 
their  pipe  used  in  pipe  lines.  Of  the  remainder  10  per  cent, 
use  the  Hickenlooper  coating,  14  per  cent,  asphaltum,  7  per 
cent,  lead  and  oil,  35  per  cent,  tar  in  some  form,  and  17  per 
cent,  various  commercial  preparations.  One  company  tests 
the  soil  for  its  corrosive  qualities. 

Exactly  the  same  line  of  discussion  can  be  followed  for  pipe 
lines  as  for  steel  pipe  in  low  pressure  work.  It  is  suggested 
that  no  coating  be  used  on  line  pipe  except  in  locations  where 
the  soil  is  obviously  corrosive,  when  protection  which  is  cer- 
tain to  protect  should  be  applied. 
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Couplings. — Standard  recessed  couplings  for  line  pipe  are 
recommended. 

Fittings. — Extra  heavy  galvanized  recessed  tittings  are 
recommended. 

Pipe  Joint  Cement. — Red  lead  and  oil  is  used  by  43  per  cent, 
of  the  companies.  Those  using  other  compounds  are  divided; 
26  per  cent,  white  lead,  8  per  cent,  cement  and  oil,  1 1  per  cent, 
graphite,  9  per  cent,  various  commercial  products,  and  3  per 
cent,  none  whatever.  Red  lead  is  suggested  as  the  best.  Its 
service  under  exacting  conditions  has  been  proved  by  very 
extended  use  not  only  in  the  gas  industry  but  in  many  other 
arts. 

Ma.vimutn  Pressure  on  Cast  Iron  Mains. — The  highest  pres- 
sure carried  on  cast  iron  mains  by  any  company  is  I3  pounds. 
There  seems  to  be  no  reason  why  higher  pressures  should  not 
be  carried  on  cast  iron  pipe  if  the  joints  can  be  made  tight. 

Expansion  Sleeves. — Although  74  per  cent,  of  the  companies 
use  expansion  joints  on  pipe  lines  against  26  per  cent,  who  do 
not,  there  is  no  good  reason  why  expansion  joints  should  be 
used  except  in  exposed  mains  subjected  to  a  wide  change  in 
temperature,  which  would  possibly  buckle  the  main.  In  under- 
ground work  expansion  joints  are  not  necessary  as  the  lines 
have  an  ample  factor  of  safety  with  a  range  of  temperature  of 
50  d^rees  and  figuring  on  the  weakest  point.  This  weakest 
point  is  at  the  bottom  of  the  first  thread  outside  of  the  coupling. 
The  cases  that  have  been  reported  of  lines  pulling  apart  at  the 
couplings  or  fittings  are  believed  to  have  been  due  either  to  the 
fact  that  recessed  fittings  were  not  used  so  that  severe  corro- 
sion took  place  at  the  exposed  thread,  or  that  the  threads  were 
improperly  cut.  The  use  of  the  straight  thread  is  not  recom- 
mended    Tapered  threads  carefully  cut  should  always  be  used. 

Location  of  Valves. — Nearly  all  the  companies  use  valves  on 
pipe  lines  at  intervals  varying  from  500  feet  to  a  mile.  Under 
normal  conditions  it  is  suggested  that  intervals  of  one  mile  is 
sufficient  to  properly  care  for  a  pipe  line  in  case  of  leakage  or 
other  repairs. 
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Type  of  Valves. — The  all  iron  double  gate,  inside  screw 
valve  with  recessed  screw  hub  is  recommended  for  use  in  pipe 
lines. 

Leaking  Valves. — Many  of  the  companies  report  trouble 
from  leaking  valves  on  high  pressure  lines.  Two  of  the  lead- 
ing companies  install  two  valves  at  each  valve  location  with 
the  idea  that  it  is  only  necessary  to  shut  down  one  section  of 
main  to  repair  a  valve.  The  principal  difficulty  appears  to  be, 
not  so  much  in  the  leaking  of  the  stuffing  boxes  of  the  valves, 
but  in  the  fact  that  owing  to  accumulations  in  the  seat  the 
valves  do  not  seat  tight. 

It  is  suggested  as  the  best  method  that  two  valves  be  installed 
at  each  location  and  that  they  be  covered  with  a  substantial 
cast  iron  cover  on  a  brick  manhole  so  that  complete  access 
may  be  had  to  the  valves  at  any  time. 

Depth  Laid. — Pipe  lines  are  laid  almost  universally  at  a 
depth  of  from  2  feet  to  2  feet  6  inches  and  this  range  of  depth 
is  suggested  as  satisfactory. 

Testing. — It  is  suggested  that  a  line  pipe  after  laying  and 
before  filling  in  should  be  subjected  to  an  air  pressure  of 
twice  the  maximum  pressure  at  which  the  line  is  to  be  operated. 
Bad  leaks  such  as  a  split  pipe  or  fitting  can  be  detected  at  once 
by  the  sound  of  escaping  air.  All  couplings  and  fittings  should 
be  examined  and  tested  with  soap-suds.  The  use  of  a  gauge 
for  determining  the  drop  in  pressure  will  not  detect  small  leaks 
unless  the  pressure  is  allowed  to  remain  on  for  an  unreasonable 
time.  For  example,  one  mile  of  3  inch  line  pumped  to  too 
pounds  pressure  and  having  a  small  leak  of  2  feet  an  hour  will 
only  drop  3  pounds  in  24  hours,  while  a  fall  in  temperature 
of  only  15  degrees  will  cause  the  same  drop. 

Drips. — The  majority  of  the  companies  report  that  they  do 
not  use  any  drips  on  high  pressure  lines  and  there  is  no  appar- 
ent necessity  for  using  them. 

The  installation  of  moisture  eliminators  at  the  outlet  of  the 
I)umping  plant  will  satisfactorily  remove  all  moisture.  It  is 
su^ested,  however,  that  tees  be  installed  at  the  low  points  on 
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all  pumping  lines  and  that  these  tees  be  located  from  suitable 
permanent  monuments  or  property  corners. 

Pressure  Carried, — The  pressures  carried  on  pipe  lines  vary 
from  5  pounds  to  75  pounds.  There  is  a  tendency  to  increase 
the  pressures  carried.  Experimental  and  practical  data  indi- 
cates that  the  pressures  may  be  raised  to  100  pounds  with 
advantage  and  economy  where  conditions  demand. 

Leaks  Fixed,  How. — The  accepted  method  of  fixing  leaks 
is  to  cover  the  leaking  fitting  with  a  split  leak  clamp  made  for 
the  purpose.  Where  only  the  thread  is  leaking  a  satisfactory 
and  permanent  repair  can  be  made  by  caulking  copper  wire 
into  the  recess  and  peening  over  the  bead  of  the  fitting. 

Marking  Valves. — Even  where  the  valves  are  covered  wfth 
a  large  manhole  there  is  a  possibility  of  its  being  covered  over 
by  shifting  traffic,  particularly  in  the  unpaved  roads  in  the 
open  country.  The  su^ested  method  of  marking  these  is  by  a 
post  made  of  4  inch  cast  iron  pipe  set  along  the  fence  line, 
or  at  a  suitable  location  along  the  line  of  the  roadway. 

HIGH  PRESSURE  TOWN  LINES. 

Reducing  Governors. — In  the  larger  systems  of  high  pres- 
sure distribution  the  earlier  practice  was  to  reduce  the  pressure 
on  the  town  lines  to  holder  pressure.  Usually  this  was  done 
by  discharging  into  a  low  pressure  holder  and  distributing  from 
the  holder.  In  the  evolution  of  the  system,  district  governors 
were  installed  in  place  of  holders  and  gas  pressure  was  still 
maintained  at  holder  pressure.  Another  development  was  to 
set  the  district  governors  at  from,  say  2  to  3  pounds  and  equip 
the  individual  consumers  with  governors.  At  present  a  num- 
ber of  towns  are  being  carried  at  the  full  line  pressure. 

The  objections  to  this  system  have  all  been  met  in  practice 
and  the  method  has  proved  entirely  safe  and  satisfactory.  The 
advantages,  however,  of  the  full  line  pressure  in  the  town  are 
not  enough  apparent  to  warrant  its  recommendation  for  uni- 
versal adoption. 

In  the  operation  of  a  high  pressure  system  consisting  of 
pipe  lines  with  towns  along  the  lines  at  intervals,  the  use  of 
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district  governors  with  safety  blow-offs  makes  it  possible  to 
omit  the  safety  blow-offs  on  the  individual  services  in  the 
towns.  This  is  on  the  assumption  that  the  maximum  pressure 
carried  in  the  towns  is  not  over  2  pounds.  The  advantage  of 
low  main  installation  cost  and  uniform  service  to  consumers 
are  then  obtained  without  the  necessity  for  maintaining  the 
individual  safety  seals  or  assuming  the  slight  additional  hazard 
that  is  involved  in  carrying  the  full  line  pressure  up  to  the 
consumers'  premises.  The  requirements  for  peak  load  storage 
in  the  towns  can  be  met  by  floating  high  pressure  storage  tanks 
on  the  pipe  lines  at  points  adjacent  to  the  towns. 

Pressure  on  Town  Lines. — Companies  report  a  range  of 
pressure  on  town  lines  from  holder  pressure  to  30  pounds. 
This  is  discussed  under  the  item  just  preceding,  headed 
"Reducing  Governors,"  and  the  suggested  practice  is  to  carry 
a  maximum  of  2  pounds  on  town  lines.  Scattered  villages 
and  hamlets  may  be  taken  at  full  line  pressure. 

General  Valve  Sysletn. — There  seems  to  be  no  particular 
connection  with  the  number  and  location  of  the  valves  on  the 
town  lines  and  the  pressure  carried.  In  other  words,  some 
engineers  are  apparently  of  the  opinion  that  frequent  valves 
are  required  on  town  lines  under  2  pounds  pressure,  while 
others  are  of  the  opinion  that  practically  no  valves  are  required 
under  20  or  25  pounds  pressure. 

In  the  older  systems  it  was  noted  as  a  rule  that  valves  were 
located  at  all  intersections.  It  is  apparent  that  valves  are  neces- 
sary to  protect  town  lines  where  high  pressures,  say  30  pounds 
and  upward  are  carried.  The  necessity  for  valves  is  to  isolate 
certain  sections  of  the  town  in  order  to  make  repairs.  It  is 
su^ested  that  where  the  full  tine  pressure  is  carried  on  the 
town  lines,  the  same  system  of  valves  are  used  as  on  the  pipe 
lines.  That  is,  so  that  any  mile  of  main  in  the  town  can  be 
isolated.  As  in  pipe  lines,  these  valves  should  be  covered  with 
a  substantial  cast  iron  cover  on  a  brick  manhole. 

Where  the  town  is  taken  under  moderate  pressure,  with  a 
L  of  2  pounds,  as  heretofore  suggested  as  the  best 
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practice,  it  is  not  necessary  to  use  valves  except  for  the  special 
locations  prescribed  for  low  pressure  systems. 

Tapping  for  Services. — The  universal  practice  for  making 
service  connections  to  high  pressure  mains,  whether  town  lines 
or  pipe  lines,  is  to  use  a  saddle  with  a  lead  gasket.  The  service 
can  then  be  run  from  a  corporation  cock  on  the  high  pressure 
or  with  the  ordinary  fittings  on  the  2  pound  pressure. 

Service  Shitt-offs. — It  is  suggested  as  the  best  practice  that 
service  shut-ofTs  be  installed  outside  the  building  on  high  pres- 
sure services  regardless  of  whether  the  pressure  is  2  pounds 
or  30  pounds.  There  are  a  number  of  installations  using  a 
maximum  of  2  pounds  pressure  on  town  mains  that  do  not  use 
curb  cocks  or  any  shut-off  cocks  except  the  meter  cock.  While 
there  does  not  seem  to  be  any  particular  objection  to  this  prac- 
tice, the  majority  of  engineers  are  still  of  the  opinion  that 
cocks  outside  the  building  should  be  employed  on  all  services 
except  the  standard  low  pressure  service. 

The  writer  is  of  the  opinion  that  outside  shut-offs  are  not 
necessary  where  the  main  pressure  does  not  exceed  2  pounds. 

Special  Safety  Precautions.~As  heretofore  discussed,  where 
towns  are  taken  on  district  governors  with  a  maximum  pres- 
sure of  2  pounds  on  the  town,  the  safety  blow-off  on  the  dis- 
trict governors  will  afford  sufficient  protection  to  the  town 
mains  and  consumers  and  it  is  not  necessary  to  equip  the 
individual  consumers  with  safety  blow-offs.  Where  the  towns 
are  taken  on  full  line  pressure  all  consumers,  and  all  con- 
sumers along  the  lines  should  be  provided  with  safety  seals 
with  blow-offs  of  ample  size  and  fully  protected  against 
stoppage. 

Third  Sub-Division. 

CENEiLAI.  POLICY, 

Overhauling  Ahead  of  Paving. — It  is  the  universal  practice 
to  overhaul  or  make  some  special  inspection  of  mains  on  streets 
w:hich  are  to  be  paved.  All  the  companies  answering  this  ques- 
tion report  that  some  such  inspection  is  made.  To  what  extent 
this  should  be  carried  can  scarcely  be  standardized,  but  it  is 
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suggested  that  all  mains  to  be  covered  with  paving  should  be 
barred  over  and  all  services  examined  at  the  house  and  all 
drips  be  examined  and  repaired  if  necessary. 

Minimum  Size  under  Paving. — It  is  suggested  that  no  cast 
iron  mains  smaller  than  4  inches  be  allowed  to  remain  below 
paving  under  any  circumstances.  If  2  inch  or  3  inch  cast  iron 
mains  are  in  streets,  which  are  proposed  to  be  paved,  it  would 
be  the  usual  practice  in  large  cities  to  replace  with  not  less 
than  6  inch  cast  iron.  Any  4  inch  mains  allowed  to  remain 
under  paving  should  be  examined  for  service  taps  and  sleeves 
put  on  the  mains  if  there  are  any  holes  larger  than  i  inch 
tapped  in  the  mains. 

Main  Inspection. — All  the  larger  companies  make  some 
inspection  of  their  mains,  either  in  whole  or  in  part  and  either 
continuously  or  periodically.  The  range  is  from  the  continu- 
ous daily  line  walk  of  all  the  mains  in  use,  down  to  the 
periodical  inspection  of  specific  locations.  One  company 
reports  the  monthly  inspection  of  all  mains  over  bridges  or 
other  exposed  locations.  Another  company  periodically  in- 
spects mains  where  even  slight  leakages  might  cause  damage, 
as  around  green  houses. 

It  is  not  believed  that  it  is  possible  to  standardize  this  prac- 
tice, but  as  an  example  the  procedure  of  one  works  of  mod- 
erate size  is  su^estive.  This  company  inspects  all  hazardous 
places  such  as  exposed  mains  and  bridge  crossings  including 
the  valve  controls,  every  three  months.  Once  a  year  a  com- 
plete inspection  of  the  street  main  system  is  made.  This  is 
done  in  the  late  fall  and  besides  an  inspection  of  the  surface 
conditions  over  all  mains,  it  includes  an  inspection  of  ditches 
over  services  of  the  past  season.  The  intent  of  the  inspection 
is  to  make  sure  that  the  conditions  of  the  underground  struc- 
tures both  new  and  oW  are  in  good  condition  as  far  as  surface 
indications  will  show. 

Special  Inspection  of  High  Pressure  Mains. — It  is  suggested 
that  a  continuous  patrol  of  high  pressure  pipe  lines  is  advisable. 
The  larger  companies  patrol  their  pipe  lines  daily  and  thiK 
practice  is  recommended. 
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Where  high  pressure  is  carried  into  the  towns  the  mains 
should  receive  the  same  attention  as  the  pipe  lines,  that  is, 
patrolled  daily.  Where  the  pressure  is  reduced  to  moderate 
pressure  the  same  attention  as  to  low  pressure  installations 
should  be  given,  that  is,  a  periodical  inspection  to  be  deter- 
mined by  the  particular  situation. 

Test  for  Leaks. — The  last  two  questions  under  general 
policy  were  not  clearly  understood  and  the  returns  were  so 
few  that  the  discussion  is  omitted.  The  tests  for  leakage  by 
observing  the  drop  in  pressure  in  a  long  high  pressure  pipe 
line  would  not  be  satisfactory  unless  the  leakage  were  s6  large 
that  it  would  probably  be  discovered  without  the  test. 

Conclusion. 

When  the  writer  took  up  the  work  of  digesting  the  data 
submitted  by  the  various  companies  he  was  doubtful  as  to 
whether  the  information  received  would  be  of  sufficient  value 
and  interest  to  make  its  preparation  worth  the  effort. 

It  seemed  likely  that  the  practice  in  the  larger  companies 
would  be  so  similar  that  there  would  be  little  to  choose  and 
that  there  would  be  few  new  ideas  to  bring  out. 

As  the  preparation  proceeded  this  was  found  not  to  be  the 
case  and  there  seemed  to  be  a  wide  variation  in  practice  in 
many  important  items  and  these  variations  apparently  rest  on 
nothing  except  the  opinions  of  the  responsible  engineers  or 
superintendents  or  perhaps  of  their  subordinate  superintend- 
ents or  foremen. 

This  paper  could  have  been  at  best  but  a  discussion  of  the 
data  submitted.  There  was  not  sufficient  time  to  take  up  by 
correspondence  or  otherwise  any  practice  of  unique  interest 
submitted  by  any  one  of  the  various  companies  except  in  a 
very  few  instances.  It  is  hoped  that  more  will  be  brought  out 
in  the  discussion. 

In  conclusion,  therefore,  the  writer  offers  the  opinion  that, 
first,  it  is  entirely  possible  to  standardize  street  main  practice ; 
second,  that  such  standards  would  be  of  value  to  all  gas  com- 
panies operating  under  American  practice,  regardless  of  size 
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or  geographical  location ;  third,  that  if  it  is  decided  to  continue 
the  work  it  can  only  be  done  by  a  committee  of  the  Institute, 
either  working  on  this  subject  alone  or  on  this  combined  with 
similar  subjects. 

Summary. 
This  summary  is  prepared  for  convenience  in  reference.    It 
gives  each  item  and  the  suggested  best  practice.     Where  no 
suggestion  was  made  it  is  so  stated. 

Cast  Iron  Material. 

Item                                        SDigHtcd  bent  pnctice  Ptgt 

Standards American  Gas  Instiluts— 191 1  197 

All  Bell  vs.  Bell  and  Spigot  Specials  All  Bell  to  iz  incites 198 

Reducers  vs.  Bushings Bushings 19S 

Full  Size  vs.  Reducing  Fittings  - . .   Pull  Site   199 

Type  Drip  Pots Line  Drips 199 

Size  Pumping  Line iV  '"cb  ■   i99 

Straight  up  vs.   Off-set   Pumping 

Lities Off-set 199 

Pumping  Point  Cover Cast  Iron  Box  (Standardized)  300 

Use  of  Valves Hazardous  Location  only aoi 

Valve  Covers Brick  Man-hole loi 

Location  of  Mains No  Suggestion »oi 

Deptb  of  Mains 3  feet  to  3  feet  6  inches 101 

Grade  of  Mains V  iuch  in  1 2  feet joi 

Blocking  None  to  is  inches.  Schedule 

16  inches  and  over — Table 

No.  I 203 

Protection  against  Corrosion Clay  Filling 103 

Electrolysis No  Suggestion 303 

Testing  Joints Soap  Suds,  Gas  up  to  12  inches 

Air  16  inches  and  over 104 

Bags  and  Stoppers No  Suggestion  304 

Prevention  of  Freezing Enlarge  Pipe 304 

Maximum  Tap  Hole Schedule —Table  No.  3 305 

Ditching  and  Filling Discussion 305 

Lead  Joints Schedule— Table  No.  3 306 

Lead  Wool Brief  Discussion.    306 

Hand  vs.  Machine  Caulking Hand,  Small  Mains,  Machine, 

big  jobs 306 

Yarn Untarred  Jute  Packing 307 

Cement  Joints Discussion 307 

Brand  Cement American  Portland,  Medium.  207 
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Item                                              SuggHlnl  beat  pncticc  Pasc 

Other  Jwoting  MaterUl No  SuggCBtion ao? 

Lead  vs.  Cement Diicuteion     and     Summary, 

Tables  4  and  5 107-211 

Clamps For  High  Pressure,  Asbestos 

Gaskets 311 

Stkki.  Matsriai,  Fok  Strbbt  Mains— I.OW  Prsssure. 

Steel  vs.  Wrought  Iron Steel aia 

Merchant  or  Full  Weight Full  Weight 112 

Size  in  Preference  to  Cast  Iron Tycss  than  4  inch  diameter 213 

Lite  of  Steel  Mains  Bspected No  Suggestion 213 

Coating None,   except  in   bad  soils- 
Discussion  2 15-314 

Fittings Galvanized  Recessed 214 

Repair  Work Split  Sleeves    214 

Sleeves  with  Robber  Packing Omit  Rubber—Use  Asbestos- -  11  j 

Pipe  Joint  Cement Red  Lead  snd  Oil 215 

Depth 3  feet  to  3  feet  6  inches 215 

Provisions  for  Expatuion None 215 

Blocking None 215 

Testing Soap  Suds  and  Gas  Pressure.  ■  215 

Valves Same  as  Cast  Iron 215 

Drips Hade  up  of  Fittings 115 

Tapping Use  Sleeves 216 

Stkbi,  Matkriai.- High  Prbssure -Pipe  Lines. 

Steel  vs.  Wrought  Iron Steel 116 

Weight Line  Pipe 216 

Coating None  ocept  in  bad  Soils   •■■-  216 

Couplings Standard  Recessed 217 

Fittings Galvanized  Recessed 217 

Pipe  Joint  Cement Red  L«ad  and  Oil 217 

Maximum  Pressure  on  Cast   Iron 

Mains No  Suggestion 217 

Expansion  Sleeves None 117 

Valve  Locations Every  Mile 217 

Type  Valves All  Iron,  Double  Gate,  Inside 

Screw  218 

Installation  of  Valves In  Pairs  in  Brick  Man-hole...  218 

Depth  of  Main 2  feet  to  2  feet  6  inches 218 

Testing Air  and  Soap  Suds 218 

Drips None 218 

Pressure  Carried No  Snggestion 219 

Repairing  Leaks Special  Leak  Clamp —  219 

Marking  Valves Post  on  Fence  Line 119 

70 
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Steel  Hatbrial    High  Pressure— Town  Lines. 

Item  Sagguted  but  practice 

Reducing  Governors On  Towns 

Pressure  on  Town  Lines Two  Founds 

General  Valve  System Special  Locations  only 

Service  Taps Saddles 

Service  Shut-offs Outside  of  Building   on    all 

Safety  Precaution Blow-ofis  on  Higb  Pressure  ■  - 

Gknbral  Poucv. 
Overhauling  Ahead  of  Paving Barring  and  Biamining  Ser- 

Minimum  Siie  Under  Paving 4-inch  Cast  Iron 

Main  Inspection Periodica) 

High  I'ressure  Main  Inspection Daily 

Tests  for  Leaks No  Suggestion 

List  of  Questions  Submitted  to  the  Various 
Companies. 

summary  of  headings. 

General  Data  

Mileage   

Material  

Cast  Iron   

Pipe    

Specials 

Laying  Data 

Jointing  Data  

Steel  

Low  Pressure  Work 

High  Pressure  Worlt 

General  Poucy 
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Stbbbt  Main  Standaus. 
Genekal  Data. 

iiUtage — Low  Pressurt. 

Cast  iron  Wrought  iron  ( 

Size  miles  steel  miles 

2  in. 

3  in. 


8  in. 
lO  in.  ' 
ta  in. 

14  in.  ^ 

i6  in. 

20  in. 

24  in. 

30  In. 

36  in. 

42  in. 

48  in. 

60  in. 

Totals 

Percentage  under  paving  

Matoeial. 
Cast  Iboh. 
Pipe. 

What   standard    followed?     American    Gas    Light    Association    of 
1898?    American  Gas  Institute  of  1911?    American  Water  Works?  .. 

If  none  of  the  above,  then  what  weight  per  foot? 
Size  3  in.    4  in.    6  in.    8  in.    10  in.    13  in.    14  in.     16  in. 

Weight  

Size  20  in.    24  in.    30  in.    36  in.    43  in.    48  in.    60  in. 

Weight 

Depth  of  Bell : 
Size  3  in.    4  in.    6  in.    8  in.    10  in.    i»  in.    14  in.    16  in'- 

Depth  

Size                             20  in.    24  in.    30  in.    36  in.    42  in.    48  in.    60  in. 
Depth  
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specials. 

What  standard  followed  ?  

In  general  are  all  bell  tees  and  crosses  used  or  bell  and  spigot? 

Bushings  or  reducers  ?  

Are  openings  at  intersections  left  full  size  of  line  or  are  reducing 

fittings  used  ?  

Kind  of  drip  pot— line  or  side  ? 

Size  of  pumping  line  to  drip  pot  

Pumping  lines  run  straight  up  from  drip  or  off-set?  

Type  of  box  or  cover  over  pumping  point  ? 

Under  what  conditions  are  main  valves  used?  

Number  in  use?  

Manholes  or  small  covers  over  valves  ?  

Test  pipes  on  valves  ?  

Laying  Data. 

Location  in  roadway?  

Standard  depth  to  top  of  main  ? 

What  is  the  minimum  grade  you  allow,  and  for  what  distance? 

Do  you  lay  on  bare  earth,  or  on  blocking?  

If  on  bare  earth,  any  special  preparation  of  earth  ?  

If  blocking,  give  nature  of  wood  and  any  schedule  of  blocking  sizes 
followed  for  different  siie  main^ 

Cast  iron  pipe  ever  protected  against  corrosion  ? 

Against  electrolysis?   

Do  you  test  joints  before  refilling?  ■  - 

If  so,  with  air  or  gas?    What  gauge  or  soap-suds?  

If  with  gauge,  what  pressure ? 

Do  you  use  bag  or  stopper  ?  

What  methods  are  used  to  prevent  stoppage  by  freezing  in  exposed 
mains,  as  on  bridges  ?   ■  ■ . . . 

If  pipe  is  increased  in  size  to  form  anti-freezers,  in  what  proportion 
is  diameter  of  pipe  increased  ?  

Is  the  maximum  size  hole  allowed  to  be  tapped  in  each  size  main 
fixed  by  schedule?  

If  so,  give  sizes. 
Size  of  Main        j  in.    4  in.    6  in.    8  in.    10  in.    12  in.     14  in.    16  in. 
Size  of  Tap  
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Size  of  Main  3o  in.  34  in.  30  in.  36  in.  42  in.  48  in.  60  in. 
Si«of  Tap  

Is  ditching  ever  done  by  contract?  

Is  ditching  ever  done  by  piece  work  ? 

Is  ditching  done  by  machine  ?  

If  any  above  methods  of  ditching  used,  give  brief  detail  of  advan- 
tages and  disadvantages 

How  are  ditches  tilled,  as  by  scrapii^'  tamping^  flushing  or  machine 
lamping,  under  paving?  

Where  no  paving  exists  or  contemplated?  

Jointing  Data. 
Lead  Joints : 
Size  of  Main         3  in.    4  in.    6  in.    Sin.    loin.    12  in.    14  in.    16  in. 

Depth  of  yam 

Depth  of  lead 

Weight  of  lead 

Size  of  Main  20  in.    34  in.    30  in.    36  in.    42  in.    48  in.    60  in. 

Depth  of  yarn 

Depth  of  lead 

Weight  of  lead 

Cast  lead  or  lead  wool  ? 

Hand  hammer  or  machine  for  caulking  ?  

Character  of  yam,  tarred  or  untarred  ? 

Cement  Joints; 
Size  of  Main        3  in.    4  in.    6  in.    8  in.    10  in.    13  in.    14  in.    16  in. 

Depth  of  yam 

Depth  of  cement 

Size  of  Main  30  in.    24  in.    30  in.    36  in.    42  in.    48  in.    60  in. 

Depth  of  yam 

Depth  of  cement 

Brand  of  cement?  

Any  other  joining  material  ?  

If  so,  give  details ■  ■ 

If  lead  and  cement  both  employed,  what  determines  their  respective 

Any  special  precautions  used  in  making  cement  joints  in  large  mains 
over  small  mains  ?  

Are  clamps  of  Dresser  type  ever  used  over  bell  and  spigot  joints  in 
low  pressure  or  medium  pressure,  say  up  to  5  pounds?... 

Why?    
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Steel. 

Low  Pressure  Work. 

Is  steel  pipe  or  wrought  iron  pipe  specified  ? 

Merchant  or  full  weight?  

What  sizes  are  used  in  absolute  preference  to  cast  iron?. . 


What  sizes  in  equal  preference  with  cast  iron? 

Reasons  for  preferring?  

Life  expected  ?  

Is  coating  used,  and  what  coating? 

Are  any  special  precautions  against  corrosion  taken,  especially  i 

bad  soil,  or  where  running  along  or  across  street  railway  tracks? 

If  so,  give  details 

Are  recessed  couplings  or  ordinary  couplings  used  ?  


Are  screw  fittings  used  or  fittings  of  the  Dresser  type?. 
If  screw  fittings,  black  malleable,  galvanized  malleable  c 


On  repair  work,  are  solid  sleeves  used  or  sleeves  of  the  Dresser  type, 
or  are  unions  or  other  forms  of  conections  ever  used  ? 

In  using  fittings  of  the  Dresser  type,  is  there  any  restriction  where 
streets  are  paved,  or  likely  to  be  paved,  that  is,  do  you  fear  failure  of 
sleeve  rubbers  within  the  life  of  a  pavement? 


What  kind  of  pipe  joint  cement  is  used? 

Depth  laid?  

Any  provision  for  expansion?  

Is  pipe  laid  in  ditch,  or  on  top  and  then  dropped?. , 


How  finally  blocked?  

Method  of  testing?  

Are  any  valves  used,  and  if  so,  what  ii  the  general  system? 


What  kind  of  drips  are  used  ?  

How  is  each  size  tapped  or  cut  into  for  ordinary  size 
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High  Prtsjure  Work. 
General :    Mileage. 

Cast  iron  Wrou^t  iro 

Siie  milei  steel  miles 

2  in. 

3  in. 
4in. 
6in. 
Sin. 

lo  in. 
la  in. 
14  in. 


Pipe  lines,  total  miles?  

Town  mains,  total  miles  ? 

Is  steel  or  wrought  iron  pipe  used  ? 

Is  this  line  pipe  or  what  ?  

What  Idnd  of  couplings? 

Is  it  coated,  and  with  what? 

Kind  of  fittings  used,  as  screwed  malleable  or  screwed  cast  iron  or 

Dresser  type,  etc,  ? 

Kind  of  pipe  joint  cement  used? 

If  cast  iron  pipe  used,  what  maxinnun  presntre  allowed  ? 

Pipe  Lin4t. 

Expansion  sleeves,  liow  often? 

Valves,  how  often?  

Type  of  valve?  

Any  trouble  from  valve  leakage,  and  bow  avcudcd  ?  

Depth  laid  ?  

Method  of  testing?  

Are  drips  used?  

What  type?  

Kind  of  covers  ?  

Leaks  fixed,  how?    

Pressure   carried?    

How  are  valves  and  drips  marked  so  that  they  can  be  readily  located 
in  open  country?  ..'. 
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TmiiH  Lines. 

Is  reducing  governor  used  ?  

Pressure  carried  on  town  lines?  

What  is  the  general  valve  system  used  ? 

How  is  each  size  main  tapped  or  cut  into  for  services  ?  

Is  there  any  special  method  for  shutting  off  services  outside  of 
buildings,  either  separately  or  by  sections  of  the  town  that  is  section- 
izing  the  main  system  ? 

Are  any  special  methods  used  for  safeguarding  installationi? 

General  Poucy. 
Extent  of  overhauling  or  changing  of  structures  prior  to  paving? 

Minimum  size  of  main  allowed  to  remain  in  use  where  paving  is 

planned  ?    

Do  you  make  a  regular  inspection  of  your  mains? 

If  so,  average  time,  in  days,  to  cover  system  f  

Number  of  men  employed  ?  

Annual  cost  ?  

Any  special  inspection  of  high  pressure  town  mains  F 

Any  special  inspection  or  patrol  of  high  pressure  pipe  lines? 

Are  any  tests  for  leakage  by  meter  made,  either  low  pressure  or 
high  pressure  ?   

Are  any  tests  for  leakage  by  pressure  observations  made  in  case  of 
high  pressure  mains,  that  is,  the  fall  in  pressure  over  a  period  during 
which  the  main  is  shut  off?  

The  Chairman:  Gentlemen,  you  have  listened  to  the 
reading  of  two  very  interesting  and  instructive  papers.  They 
are  now  open  for  discussion,  and  I  hope  this  discussion  may  be 
very  snappy  and  spirited. 

Mr.  J.  D.  ShaTTuck  (Chester,  Pa.) :  I  differ  from  Mr. 
Rice  in  a  good  many  points  he  has  brought  out.  My  experi- 
ence has  been  that  it  is  just  as  necessary  to  drain  high  pres- 
sure mains  or  grade  them  carefully  as  low  pressure.    Moisture 
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gathers  in  all  low  points  and  stays  there  as  long  as  the  re- 
stricted area  of  the  pipe  is  sufficient  to  carry  the  gas  without 
much  drop  in  pressure,  but  just  as  soon  as  the  flow  is  great 
enough  to  cause  the  gas  to  pick  up  the  water  it  is  carried  along 
into  the  next  service  causing  trouble, 

I  am  strongly  against  all  cast  iron  fittings,  cast  iron  valves 
and  sleeve  fittings.  Sleeve  iittii^s  for  expansion  are  unneces- 
sary. It  is  possible  to  crowd  pipe  in  a  trench  so  that  the 
amount  of  pipe  is  actually  more  than  the  lineal  length  of  the 
trench.  Enough  pipe  can  be  crowded  into  the  trench  to  take 
up  any  possible  contraction  due  to  change  in  temperature 
under  the  ground. 

I  will  not  discuss  Mr.  Rice's  paper  further  because  the  prac- 
tice I  am  employing  differs  considerably  from  that  set  forth  in 
this  paper.  My  practice  is  more  than  that  employed  by  the 
majority  of  natural  gas  and  oil  companies,  which  is  laying  pipe 
without  expansion  joints  with  cold  rolled  steel  flanges  with 
steel  valves,  bending  the  pipe  cold  to  fit  the  curves  and  all 
necessary  bends,  even  90°  bends  on  street  comers  with  pipe  as 
great  as  12  inches  in  diameter.  If  the  artificial  gas  man  when 
he  first  went  into  high  pressure  had  taken  the  trouble  to 
observe  the  laying  at  some  of  these  natural  gas  lines,  he  would 
have  a  better  underground  high  pressure  system  in  use. 

Two  years  ago  I  began  experimenting  with  welded  pipe, 
and  am  now  engaged  in  laying  several  lines  by  this  method. 
In  my  first  experiments  it  took  me  40  minutes  to  weld  a  4-inch 
joint.  To-day  we  are  welding  4-inch  joints  in  11  minutes  and 
2-inch  joints  in  2  minutes ;  using  40- foot  plain  end  pipe  more 
rapid  progress  can  be  made  than  with  screw  pipe  and  at  less 
cost  with  a  much  tighter  job.  The  joints  are  as  strong  as  the 
pipe.    We  are  using  the  acetylene  oxygen  torch. 

First  apparatus  cost  $1,000  and  we  discontinued  our  work 
for  fear  of  the  expense.  Both  acetylene  and  oxygen  can  now 
be  purchased  in  tanks  and  the  expense  of  the  equipment  is 
much  less.  The  pipe  we  employ  is  plain  and  chamfered  or 
slight  bevel.    The  weld  is  made  by  use  of  a  piece  of  Norway 
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round  iron.  At  first  we  turned  the  pipe  in  making  the  weld, 
but  later  found  capillary  attraction  carried  the  molten  metal 
without  dropping  underneath  the  pipe  so  that  we  are  able  to 
make  the  joints  without  getting  underneath  the  pipe  or  turning 
it.  By  the  use  of  a  cutting  torch  it  is  possible  to  make  all  nec- 
essary fittings  in  the  field,  make  cut-outs  and  repairs. 

We  have  laid  as  high  as  200  joints  of  ^inch  screw  pipe  in 
a  day,  using  natural  gas  people's  methods  as  against  800  feet 
with  the  old  fashioned  chain  tongs.  I  would  particularly  em- 
phasize the  necessity  of  protecting  the  sleeves,  and  valves  by 
large  ventilated  manholes  so  that  there  is  no  possibility  of  leak- 
ing gas  spreading  under  pavement  or  frozen  ground. 

The  practice  that  I  have  given  you  may  run  up  the  cost  per 
foot  of  main  slightly,  but  when  you  practically  eliminate  the 
leakage,  it  is  well  worth  while.  The  valves  I  am  using  are 
the  most  expensive  item  as  they  are  heavy  high  pressure  steel 
flanged  valves  with  cold  rolled  flanges.  This  is  necessary  to 
stand  any  contraction  strain  that  might  come  at  a  valve.  All 
our  valves  are  tapped  underneath  the  gate  and  have  a  pipe 
connection  leading  to  the  surface  through  which  the  sediment 
is  blown  out  before  seating  the  valve.  We  have  felt  that  it 
was  the  sediment  underneath  the  valve  seat  that  caused  our 
valves  to  leak,  and  not  as  in  Mr.  Jones'  case  the  destroying  of 
the  seats  by  sediment  flowing  through. 

Mr.  Jones  (San  Francisco) :  I  hesitate  to  take  the  time 
of  the  convention  on  account  of  the  isolated  district  from 
which  I  come,  but  the  subject  of  these  two  papers  is  very  close 
to  my  heart.  The  first  point,  covered  by  Mr.  Rice's  paper, 
the  coating  of  wrought  iron  and  steel  mains,  I  have  run  the 
the  gamut  of  all  the  coatings,  lead,  tar  and  everything  else, 
and  I  find  the  trouble  with  the  coatings  as  a  whole  is  the 
method  of  applying  them.  I  discovered  from  an  Er^lish  con- 
cern, a  method  which  we  are  now  using  on  the  coast,  and  I  find 
we  have  the  best  material  for  coating  pipe  right  in  our  own 
works,  whether  it  be  coal  or  water  gas.  On  the  coast  we  use 
oil  tar;  and  it  pays  every  company,  no  matter  how  small  it  is, 
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to  own  a  little  tar  still  for  distilling  its  own  tar.  We  distill 
the  tar,  first  taking  out  the  water.  Then  we  distill  it  to  get 
a  pitch  for  the  final  coating,  using  the  benzole  for  a  thinner 
for  making  paint.  First  we  apply  to  the  dean  pipe  a  coat  of 
tar  paint,  applied  cold  with  a  brush.  That  is  allowed  to  dry. 
Then  the  pipe  is  swabbed  over  with  a  coat  of  hot  pitch  as  thick 
as  can  be  applied,  one-quarter  of  an  inch,  if  you  please;  the 
thicker  the  better.  The  theory  is  this:  Hot  pitch  will  not 
adhere  to  cold  metal,  and  hot  pitch  is  the  best  coating  for 
wrought  iron  or  steel.  If  you  coat  the  clean  metal  with  a 
coat  of  tar  paint  applied  cold  with  a  brush,  and  then  apply 
the  hot  coating  above  the  cold  coat  it  amalgamates,  it  imme- 
diately forms  a  combination ;  the  cold  coat  fixes  itself  to  the 
metal  and  the  hot  coat  melts  the  cold  coat  and  makes  a  per- 
manent coating.  It  is  also  a  partial  protection  against  elec- 
trolysis. The  coating  is  extremely  inexpensive.  We  do  it 
ourselves. 

In  regard  to  jointing  mains,  we  have  been  welditig  altogether 
on  the  Pacific  Coast  for  some  time.  We  use  the  oxyacetylene 
torch,  and  we  use  no  gasket  joints,  because  we  have  had  so 
much  trouble  with  the  gasket,  both  rubber  and  asbestos,  and 
even  lead  wire  where  climate  permits  us  to  use  it.  We  make 
no  allowance  for  expansion.  I  have  never  found  the  neces- 
sity for  it.  We  use  the  oxyacetylene  torch  for  pipe.  We  use 
no  cast  iron  fittings.  We  make  our  fittings  on  the  job.  We 
make  Y  fittings  for  the  convenience  of  gas  getting  from  one 
pipe  to  another,  and  we  make  tees,  crosses,  drips  and  every- 
thing else  on  the  job,  and  they  are  very  inexpensive.  The  only 
fittings  that  we  use  are  a  few  flanges.  We  make  use  of  the  O. 
D.  &  I.  D.  pipe  for  connecting  valves,  etc.,  because  fortunately 
they  will  slip  over  each  other  and  we  weld  the  two  together. 
If  we  want  to  put  a  service  into  a  steel  main  we  take  the  torch 
and  cut  a  hole  in  it  and  build  up  a  base  of  Norway  iron  around 
the  hole,  tap  it  out  and  screw  a  cock  into  it,  without  any  trouble 
whatever.  We  find  it  pays  a  company  to  have  the  best  port- 
able welding  outfit  they  can  possibly  purchase,  on  an  automo- 
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bile  permanently  used  for  that  purpose,  so  you  can  get  quickly 
to  the  work.  We  buy  our  acetylene  gas  in  large  cylinders 
because  it  is  more  convenient  to  transport  it  under  pressure 
than  it  is  to  make  it  on  the  spot  and  lay  long  lengths  of  small 
pipe  to  the  joints,  and  we  have  the  thing  down  to  a  small 
compass  and  great  economy,  and  by  the  way,  the  cost  of 
oxygen  and  acetylene  b  greatly  reduced.  On  an  8-inch  O.  D. 
line  laid  recently  about  6  or  7  miles  In  length,  we  used  16  feet 
of  oxygen,  which  cost  2j^  cents  per  foot,  making  40  cents  for 
oxygen,  9  feet  of  acetylene  at  2  cents,  amounting  to  18  cents 
for  acetylene,  which  together  with  the  labor  of  welding  and 
iron  used  and  the  fitter  at  $3.75  for  8  hours,  a  helper  for 
$2.75  for  8  hours,  and  other  items,  making  the  total  of  8i>^ 
cents  for  each  joint,  compared  with  $2.00  for  other  forms  of 
joints. 

In  regard  to  laying  pipe  deep  or  shallow,  the  Almighty  has 
arranged  so  that  the  frost  comes  out  from  the  bottom  of  the 
ground  in  the  spring,  and  it  is  much  better  to  have  pipes 
frozen  up  all  the  time  rather  than  to  have  the  reaction  going 
on.  When  we  slush  around  during  the  spring  thaw  or  the 
mid-winter  thaw  in  a  little  bit  of  surface  mud,  that  does  not 
apply  to  the  frost  below.  When  the  frost  permanently  leaves 
the  ground  it  comes  out  from  the  bottom,  due  to  the  interior 
heat  of  the  earth  in  combination  with  the  heat  of  the  sun  on 
the  outside,  so  I  think  when  we  consider  depth  sufficient  to 
protect  pipes  against  heavy  teaming  traffic  and  all  that  sort 
of  thing,  shallow  mains  laid  in  frost  are  better  than  mains 
that  are  laid  between  wind  and  water,  frozen  part  of  the 
time  and  thawed  out  the  rest  of  the  time. 

Mr.  C.  W,  Andrews  (Duluth) :  I  think  we  ought  all  to  be 
very  much  interested  in  these  papers.  In  regard  to  the  coating 
Mr.  Jones  speaks  about,  we  find  that  it  is  just  about  as  good 
as  anything  you  can  buy,  and  is  at  the  same  time  very  cheap. 

I  do  not  see  any  reason  why  the  extra  coat  of  pitch  will  not 
assist  very  materially  in  preserving  the  pipe  for  an  indefinite 
time. 
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In  regard  to  the  use  of  steel  or  wrought  iron  pipe,  the  fact 
that  80  per  cent,  of  the  pipe  used  is  steel  would  indicate  that 
there  is  not  a  great  deal  of  difference  between  the  two  ma- 
terials. Asbestos  gaskets  have  been  spoken  of  in  both  papers 
as  being  practicable.  It  seems  to  me  in  distributing  artificial 
gas  we  should  use  asbestos  gaskets  as  far  as  possible,  on 
account  of  the  action  of  the  hydrocarbons  in  the  gas  on 
rubber. 

In  regard  to  taking  out  moisture  in  the  gas,  there  seems 
to  be  no  doubt  that  more  attention  could  profitably  he  paid 
to  this  subject.  In  our  plant  we  find  every  spring  that  the 
frost  which  accumulates  in  the  mains  near  the  works  is  carried 
forward  on  account  of  the  heating  of  the  ground  from  the 
flow  of  warmer  gas  into  the  small  mains  which  run  in  out- 
lying districts  where  the  ground  is  still  frozen.  In  this  way 
practically  all  our  trouble  from  frost  is  in  April  and  May, 
rather  than  during  the  winter.  This  we  hope  to  obviate  by 
taking  more  of  the  moisture  out  of  the  gas  before  it  is  turned 
into  the  system, 

Mr.  G.  T.  Macbeth  (Mt.  Vernon,  N.  Y.) :  On  Mr.  Rice's 
paper,  under  "Choice  of  Pipes,"  there  is  a  paragraph  reading 
"In  high-pressure  system  (referring  to  wrought  iron  pipe  and 
steel  pipe)  it  is  the  only  suitable  pipe  for  pressure  above  5 
pounds.  In  low-pressure  system  use  will  be  found  for  it."  I 
do  not  agree  entirely  with  the  statement  that  wrought  iron 
pipe  is  the  only  pipe  suitable  for  high-pressure  system  work. 
We  intend  to  carry  as  high  as  10  pounds  on  16-inch  cast  iron 
mains  with  lead  wool  joints.  I  do  agree  with  him  if  the  pipes 
are  6  inches  and  smaller  in  size.  I  also  heartily  agree  with  the 
last  paragraph  that  wrought  iron  pipes  can  be  very  satisfac- 
torily, conveniently  and  economically  used  for  low-pressure 
mains.  If  for  instance  you  have  a  street  with  a  lai^e  per 
cent,  rock  and  are  required  or  desire  to  lay  gas  mains  in  it 
and  the  sewer  is  not  already  laid  in  the  street,  I  think  it  is 
foolish  to  put  cast  iron  pipe  in  it,  because  you  are  going  to 
have  some  one  on  the  job  all  the  time  that  the  sewer  is  being 
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laid.  If  wrought  iron  pipe  is  put  in  you  do  not  have  to  watch 
it  at  all  during  the  time  the  sewer  is  being  installed  but  can 
go  back  and  relay  your  wrought  iron  pipe  or  substitute  cast 
iron.  By  that  time  you  may  want  to  change  the  size  of  the 
pipe,  which  can  be  done  at  the  same  time. 

The  Chairman:  I  am  sure  Mr.  von  Maur  has  some  ex- 
cellent thoughts  for  us  on  these  two  papers,  and  I  am  going 
to  ask  if  he  will  not  give  them  to  us  at  this  time. 

Mr.  J.  D.  VON  Maur  (St.  Louis):  I  do  not  know,  Mr. 
Chairman,  that  I  have  anything  to  add  to  what  has  already 
been  said,  and  certainly  nothing  to  add  to  what  has  already 
been  so  admirably  covered  by  Mr.  Shattuck  and  Mr.  Jones. 

There  is  one  detail  in  connection  with  the  American  Gas 
Institute  standard  of  drips  to  which  I  would  like  to  draw 
your  attention.  I  see  no  need  of  the  open  top  drip,  which  is 
provided  with  the  large  bell  and  plug.  Neither  do  I  see  the 
necessity  of  a  tine  drip  with  a  12-inch  top  plug.  Our  drips 
are  made  with  a  very  light  bell  which  is  closed  by  a  light  6- 
inch  plug.  I  have  been  advised  that  it  is  difficult,  from  the 
manufacturers  standpoint,  to  manufacture  such  drips,  but  we 
have  not  had  the  least  difficulty  in  having  them  made  at  our  lo- 
cal foundries  in  St.  Louis,  or,  for  that  matter,  by  some  of  the 
Eastern  foundries. 

Then  I  am  gradually  coming  to  favor  side  drips.  I  believe 
that  a  good  rule  to  govern  the  installation  of  a  distribution 
system  wilt  be  to  so  lay  out  the  underground  so  as  to  require 
a  minimum  of  wrought  iron  or  steel  pipe,  and  to  do  nothing 
repugnant  to  common  sense.  This  means  l^at  mains  should 
be  laid  near  the  curb,  and  side  drip  pots  used,  connected  to 
the  main  by  means  of  cast  iron  pipe.  There  are  more  advan- 
tages in  the  use  of  the  side  drip  pot  than  at  first  seem  ap- 
parent. 

The  question  of  the  use  of  cement  for  joint  making  pur- 
poses seems  to  be  still  unsettled.  All  my  remarks  are,  of 
course,  based  on  St.  Louis  practice. 

The  best  proof  that  the  kind  of  cement  used  is  one  of  the 
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most  important  factors  to  be  considered,  is  best  shown  by 
some  of  the  results  which  we  have  obtained  with  Dyckerhoff 
cement.  We  have,  in  St.  Louis,  a  number  of  mains  which 
were  laid  many  years  ago,  using  this  brand  of  cement,  and 
these  mains  have  remained  in  most  excellent  condition,  many 
of  them  under  very  trying  circumstances.  We  have  a  16- 
inch  main  which  is  laid  so  that  the  bottom  of  the  street  rail- 
way ties  is  only  8  inches  above  the  main,  and  yet  we  have 
never  had  a  leak  on  this  main  in  15  years,  and  we  have 
uncovered  a  number  of  joints  and  found  that  they  test  as 
tight  to-day  as  the  day  they  were  put  in. 

As  I  said  before,  we  have  not  found  any  leaks,  caused  by 
cement  joints,  in  the  last  12  months,  and  we  have  not  had 
any  before,  except  where  other  brands  of  cement  had  been 
used. 

I  am  not  sufficiently  versed  in  the  chemistry  of  cement  man- 
ufacture to  explain  just  what  quality  in  the  foreign  cement 
makes  it  so  welt  adapted  for  joint  making  purposes,  but  I 
rather  imagine  that  it  is  due  to  the  fact  that  the  cement  from 
abroad  is  bound  to  be  thoroughly  seasoned  before  we  use  it 
We  find  it  necessary  to  place  our  order  some  6  months  in 
advance  of  our  actual  needs.  I  tried  to  keep  some  domestic 
cement  in  stock  for  the  purpose  of  ageing  it,  but  some  how 
or  other  the  proposition  did  not  work  out  and  the  difference 
in  cost  does  not  seem  to  warrant  any  more  experimenting  with 
the  cement  proposition. 

As  I  said  before,  we  lay  the  greatest  stress  on  the  necessity 
of  having  a  good  foundation  under  the  pipes.  If  the  blocks 
under  a  24-inch  main,  for  instance,  are  so  laid  as  to  bring  the 
top  of  the  block  flush  with  the  bottom  of  the  trench,  then 
we  will  have,  to  begin  with,  approximately  one-half  ton  of  pipe 
resting  on  each  block,  less  the  amount  supported  by  the  un- 
disturbed bottom  of  the  trench.  Now  if  the  blocks  settle  an 
infinitesimal  amount,  such  settlement  brings  additional  bear- 
ii^  from  the  bottom  of  the  trench,  so  that  even  if  in  the  be- 
ginning the  pipe  does  not  have  a  theoretically  perfect  bearing 
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under  the  entire  bottom  of  the  pipe,  even  the  slightest  settle- 
ment assists  in  approaching  this  desired  condition. 

Mr.  H.  W.  Terrv,  Jr.  (Ossining,  N.  Y.) :  A  little  over  a 
year  ago  we  installed  a  high  pressure  system  and  tested  it  with 
air  at  70  pounds  pressure  per  square  inch,  going  over  al!  the 
valves  with  soap  and  water  and  found  them  tight.  When  we 
put  20  pounds  pressure  per  square  inch  of  gas  in  the  line  we 
found  that  we  had  a  number  of  leaks  in  the  stuffing  boxes  of 
the  valves.  I  would  like  to  ask  if  any  body  has  had  that  ex- 
perience,— valve  stuffing  boxes  tight  at  70  pounds  air  pres- 
sure and  leaking  with  20  pounds  gas  pressure? 

Mr.  J.  D.  VON  Maur  (St.  Louis) :  We  have  taken  12-inch 
pipes  where  the  joints  were  made  in  cement  and  lowered  an 
entire  block  without  causing  a  single  joint  to  leak. 

Mr.  E.  C.  Jones  (San  Francisco)  :  I  omitted  one  point  in 
Mr.  Vincent's  paper,  which  might  cover  our  friend's  question, 
that  is  the  putting  in  2  valves  in  high  pressure  lines,  one  to  take 
the  place  of  the  other  in  case  of  accident.  I  found  out  after 
long  experience  with  high  pressure  distribution  that  all  high 
pressure  valves  ordinarily  placed  in  the  line  leak,  and  as  long  as 
we  don't  know  they  leak  it  don't  bother  us  at  all,  but  when  we 
go  to  a  valve  and  find  it  is  no  longer  a  valve  it  is  time  to  find 
out  why.  If  you  place  valves  in  high  pressure  lines  as  you  are 
laying  it,  the  valves  of  course  having  comparatively  soft  seats 
and  plugs,  and  there  is  considerable  steel  scale  in  the  new  pipe, 
the  moment  you  open  the  valve  the  steel  scale  will  cut  the  valve 
seat.  You  have  perfect  confidence  in  something  that  is  abso- 
lutely useless.  If  T  put  in  a  6-inch  valve  I  put  in  an  inch  and  a 
quarter  or  2-inch  by-pass  with  a  valve  around  it,  that  I  can 
afford  to  waste  in  order  to  preserve  the  larger  valve,  and  when 
it  becomes  necessary  to  open  the  valve  I  open  the  by-pass 
valve  first  and  equalize  the  pressure  on  both  sides  of  the 
valve,  and  then  open  the  main  valve,  thus  protecting  the  main 
valve  from  damage.  Do  not  for  a  moment  think  that  valves 
are  tight  and  will  not  leak  because  you  have  valves  in  your 
high  pressure  system  which  are  not  valves  at  all.  and  some 
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with  strike  conditions  when  all  your  men  are  out  on  strike, 
and  a  tight  valve  is  a  mighty  useful  thing.  All  high  pressure 
valves  should  be  by-passed. 

Mr.  J.  D.  Shattuck  (Chester,  Pa,) :  We  used  to  have  a 
good  deal  of  trouble  with  leaking  stuffing  boxes,  but  since  we 
have  employed  the  heavy  type  valve  we  have  overcome  this- 

Mr.  H.  S.  Battih  (Philadelphia) :  I  agree  with  Mr. 
Shattuck  that  it  is  very  important  to  lay  all  high  pressure 
gas  mains  to  grade,  I  would  like  to  inquire  a  little  more  about 
the  combination  lead  and  cement  joints  for  cast  iron  bell  and 
spigot  mains.  I  understand  that  a  i6-inch  cast  iron  high  pres- 
sure main  was  laid  between  Paterson  and  Passaic  about  4 
years  ago  with  joints  made  of  a  combination  of  cement  and 
lead.  If  any  of  the  Public  Service  people  are  here  I  would 
like  to  have  them  state  whether  the  joints  of  this  main  have 
held  up.  I  understand  that  gas  is  pumped  through  this  main 
at  a  pressure  of  about  5  pounds  per  square  inch. 

Mr.  Theodore  Bunker  (Paterson) :  In  answer  to  Mr. 
Batton's  inquiry,  would  say  that  we  laid  a  16-inch  pumping 
main  between  Paterson  and  Passaic  about  3  years  ago,  making 
every  effort  to  have  the  main  well  laid  and  the  Joints  tight. 
The  main  was  tested  under  10  pounds  pressure  and  the  joints 
made  tight  before  they  were  covered  in.  We  made  all  cement 
joints.  Subsequently  in  the  course  of  a  year  we  found  this 
main  to  be  leaking  badly.  We  cut  out  a  proportion  of  each 
cement  joint  that  we  found  leaking  and  poured  a  lead  joint  on 
top  of  it.  This  combination  joint  was  an  improvement  over 
the  cement  joint  in  that  we  found  only  seeping  leaks  instead 
of  badly  leaking  joints. 

It  has  been  our  recent  practice  to  make  combination  joints 
in  the  first  instance.  We  believe  that  it  is  best  to  pour  the 
lead  joint  while  the  cement  is  still  green  for  the  reason  that 
the  caulking  of  a  lead  joint  against  a  cement  joint  that  has 
been  allowed  to  set  up  firmly  would  we  believe  destroy  the 
tightness  of  the  cement  joint. 
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We  have  had  difficulty  in  understanding  why  cement  joints 
made  under  apparently  the  same  conditions  vary  in  the  re- 
sults obtained.  We  had  a  series  of  fifty  (50)  joints  made 
by  the  same  caulkers  under  exactly  the  same  conditions.  In 
one  case  every  joint  leaked,  and  in  the  other  case  90  per  cent, 
were  tight.  The  difficulty  of  being  insured  of  a  good  cement 
joint  at  the  first  effort  led  us  to  adopt  the  combination  joint 
where  a  small  leak  can  be  corrected  without  cutting  out  the 
entire  joint 

I  made  a  test  of  a  12-inch  main  designed  for  low  pressure, 
but  which  might  later  be  used  for  a  higher  pressure,  say  five 
(5)  pounds.  It  was  thought  best  to  test  the  main  tmder  ten 
( 10)  pounds  to  insure  tightness.  As  the  pressure  was  raised 
from  one-half  (1/2)  to  five  (5)  pounds,  every  joint  was  made 
to  leak.  Some  were  tight  at  one-half  pound,  still  others  at  a 
pound,  but  by  the  time  five  (5)  pounds  had  been  reached, 
every  joint  was  leaking.  This  raises  the  question  as  to  whether 
it  is  wise  to  put  such  a  pressure  on  a  practically  green  cement 
joint. 

If  I  have  not  exhausted  my  time,  I  would  like  to  say  a 
word  about  coating  mixtures.  It  seems  to  me  we  are  going  at 
it  in  an  unscientific  way.  We  acknowledge  in  the  first  place 
that  certain  soils  do  not  require  coating  of  wroi^ht  iron  or  steel 
pipe,  and  I  suppose  in  most  places  90  per  cent,  of  the  soil 
is  of  good  character,  I  do  not  believe  any  pitch  or  tar  com- 
pound will  protect  pipe  from  acid  soil.  I  think  the  only  way  to 
protect  a  service  pipe  is  to  coat  it  thoroughly  with  cement. 

As  far  as  electrolysis  is  concerned,  I  don't  believe  you  can 
cover  a  service  pipe  with  pitch,  haul  it  to  the  job,  screw  it 
up  and  do  all  the  work  necessary  without  so  damaging  the  coat- 
ing that  if  there  is  an  electric  current  coming  along  that  line 
it  will  find  some  place  to  escape  and  eat  out  your  service  pipe. 
I  am  arguing  for  a  cement  coating  that  is  put  on  at  the 
time  the  service  is  laid,  when  you  can  see  it  is  all  thoroughly 
coated,  even  including  the  fittings. 
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The  Chairman  :  I  am  sure  all  present  would  like  to  heat 
from  Mr.  Forstall  on  these  two  very  interesting  papers. 

Mr.  Walton  Forstali,  (Philadelphia) :  I  think  that  most 
of  us  are  apt  to  be  somewhat  skeptical  as  to  the  value  of  lists 
of  questions  sent  broadcast,  and  undoubtedly  a  number  of  us 
who  received  Mr.  Vincent's  questions  were  dubious  of  any 
good  results  to  come  from  answering  them.  Now,  however, 
that  we  have  read  this  paper,  it  is  safe  to  say  that  there  are  few 
who  have  not  found  in  it  subject  for  thought  and  have  not  had 
occasion  to  review  their  own  practice  along  the  various  points 
brought  up  by  the  author.  Undoubtedly  the  paper  has  a  great 
educational  value,  for  even  if  as  a  result  of  reading  it,  no  one 
changes  their  practice,  such  decision  should  be  only  because 
after  due  consideration,  the  present  practice  is  considered  best 
for  the  local  conditions. 

It  is  encouraging  to  note  the  large  percentage  who  are 
adopting  the  191 1  Institute  standards.  One  wonders  what 
reason  could  be  given  by  the  companies  not  following  the 
standard  for  their  non-acceptance  of  it.  Every  gas  engineer 
should  not  only  adopt  the  standard,  but  should  urge  the 
foundries  supplying  him  with  the  pipe  and  special  castings  to 
change  over  all  of  their  patterns  to  the  new  standard  as  fast 
as  possible. 

I  think  that  most  small  gas  works  would  profit  by  follow- 
ing the  sui^^tion  of  keeping  in  stock  all  bell  branches  only. 
It  happens  that  in  Philadelphia  two-thirds  of  our  streets, 
known  as  minor  streets,  are  undetermined  in  location  until 
the  building  of  houses.  Therefore,  we  have  many  occasions 
when  it  is  necessary  for  us  to  insert  a  branch  into  an  existing 
line.  For  this  reason,  in  our  case,  it  pays  us  to  keep  a  stock 
of  all  bell  as  well  as  bell  and  spigot  branches.  In.  the  same 
way  carrying  reducers  in  regular  stock,  using  bushings  for 
all  ordinary  cases  of  size  reduction,  is  to  be  recommended. 

In  reference  to  the  size  of  the  drip  pot  pumping  line  of 
standpipe,  the  author  states  that  he  uses  ij4-inch,  as  this  pipe, 
as  compared  with  i  inch  used  by  a  majority  of  the  companies, 
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has  thicker  walls  to  resist  corrosion,  at  but  little  extra  cost. 
Based  on  the  following  table,  it  would  seem  as  if  in  most 
situations  the  use  of  i-inch  extra  heavy  would  be  preferable 
to  i^-inch  as  securing  the  greatest  thickness  for  the  least 
cost  per  foot : 

Thickneu  of  meUI  Price  ptr  fool 

Siie  Suudard  Sitra  hnTy        Standard      Extra  heavy 

I  inch o.i3)iDch       o.iSiinch         0.035         fo.0461 

I-inch  ..    0.140    "  0.194    "  O.QM3         0.063 

I  use  the  expresion  "most  situations"  because  in  large  cities 
the  time  is  probably  coming  when  the  use  of  power  pumping 
for  drip  pots  will  be  quite  common,  and,  therefore,  the  pump- 
ing pipes  of  the  drips  on  the  larger  mains  should  be  not  less 
than  134  inches,  and  in  some  cases  ij^  inches  and  2  inches. 

I  think  most  of  us  ought  to  hear  something  which  I  want 
put  on  the  record.  We  are  using  in  Hiiladelphia  a  7,000- 
pound  electric  wagon  with  a  600-gaIlon  tank  for  pumping  all 
of  our  drips,  and  we  have  made  quite  a  little  economy.  We 
have  an  electric  pump  on  that  drip,  and  if  you  run  across  3,000 
or  4,000  gallons  in  a  drip,  it  is  very  nice  to  pump  it  by  electric 
power  and  not  hand  work. 

Personally,  I  have  always  been  opposed  to  offset  pumping 
pipes.  If  the  drips  require  frequent  pumping  and  collect 
much  condensation,  I  think  the  extra  friction  due  to  the  off- 
set, would  be  objectionable.  If  the  drips  do  not  require  much 
ptimping,  the  disadvantage  of  an  objectionable  location  neces- 
sitated by  a  straight  pumping  pipe  is  minimized. 

The  author  is  of  the  opinion  that  "if  it  would  be  practicable 
to  lay  gas  mains  at  such  a  depth,  that  under  no  conditions 
would  they  be  reached  by  frost,  it  would  be  advantageous  from 
the  standpoint  of  safety  to  the  mains."  Prior  to  January, 
1912,  I  would  have  agreed  with  this  statement.  Since  then, 
however,  as  a  result  of  the  investigations  I  made  on  the 
effect  of  the  cold  weather  of  January  and  February,  1912,  on 
the  distribution  systems  in  a  number  of  our  northern  cities, 
I  have  come  to  the  conclusion  that  the  effect  of  frost  on  well 
made  and  well  laid  pipe,  of  ordinary  size,  would  never  warrant 
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the  extra  cost  of,  say,  i-foot  increase  in  depth.  I  say  of 
ordinary  size  because  I  am  a  little  uncertain  as  to  the  effect  of 
temperature  extremes  on  cement  joints  for  pipe  16  inches  and 
larger,  althot^h  in  Philadelphia  we  have  not  been  able  to  trace 
the  failure  of  large  cement  joints  to  extremely  cold  weather. 
The  experience  of  1912  seems  to  show  conclusively  that  mains 
are  not  harmfully  affected  by  frost  depth,  unless  the  frost 
line  stays  for  a  long  time  at  just  about  the  top  of  the  main,  and 
this  condition  is  combined,  for  pipe  4  inches  and  smaller  in 
size,  with  rather  a  poor  foundation. 

I  would  like  to  say  right  here  we  expected  a  good  deal  of 
trouble  when  frost  went  out  of  the  ground  in  1912,  but  we  did 
not  get  it.  Our  breaks  came  when  the  frost  had  just  reached 
the  top  of  the  main  and  apparently  pressed  the  mains  down  on 
insecure  foundation  and  broke  them. 

Then  we  have  all  the  elements  necessary  for  many  broken 
mains.  On  the  other  hand,  if  the  frost  depth,  quickly  goes 
below  the  pipe,  as  will  be  true  in  most  of  our  cities  North  of 
Chicago  with  pipe  cover  of  3  feet,  the  pipe  at  this  depth  is 
apparently  as  safe  as  it  would  be  at  a  depth  of  4  feet.  I, 
therefore,  see  no  reason  for  a  greater  standard  cover  than  3 
feet,  this  cover  having  proved  itself  sufficient,  with  the 
present  weight  of  pipe,  to  protect  from  traffic  strains  and 
affording  sufficient  service  depth. 

With  regard  to  the  question  of  blocking,  the  speaker  would 
refer  you  to  his  paper  read  before  the  present  meeting,  in 
which  he  gives  reasons  for  advocating  the  use  of  blocking. 

No  one  is  justified  in  using  bags  where  stoppers  will  do  as 
well,  for  the  latter  are  safer  and  more  economical  than  bags, 
which,  as  stated  by  the  author,  are  only  required  for  pipe  out 
of  round  either  through  poor  casting  or  the  presence  of 
foreign  material. 

Regarding  the  maximum  tap  hole  allowable  in  any  size  main, 
in  Philadelphia  we  allow  jyi  inches  in  6  inches,  2  inches  in 
8  inches,  2^  inches  in  12  inches,  3  inches  in  16  inches,  4 
inches  in  20  inches  and  in  24  inches.    These,  you  will  note,  are 


D.gnzed  by  Google 


246 

a  size  larger  than  given  by  the  author  in  his  table.  We  have 
not  had  any  trouble  from  mains  breaking  at  these  tap  holes. 
I  agree  thoroughly  with  the  author  in  his  objection  to  1%- 
inch  hole  in  a  4-inch  main.  In  his  table,  he  shows  4  inches  as 
the  maximum  tap  hole  allowable  for  sizes  up  to  48  inches. 
We  would  not  tap  a  larger  hole  than  4  inches  in  any  main 
simply  because  we  would  not  use  for  connection  to  a  cast  iron 
main,  steel  pipe  in  any  size  larger  than  4  inches.  We  would, 
however,  not  hesitate  when  putting  on  hat  flanges,  to  make 
openings  varying  from  8  inches  in  a  24-inch  to  12  inches  in 
a  48-inch  main. 

The  author's  theory  for  the  failure  in  cement  joints  in 
large  pipe,  is  a  very  interesting  one.  I  hope  to  make  some 
temperature  observations  this  coming  winter  and  next  sum- 
mer to  ascertain  temperature  differences  between  the  top  and 
bottom  of  a  large  main  on  very  cold  and  on  very  hot  days. 
We  have  had  a  number  of  failures  of  large  cement  joints  in 
Philadelphia,  but  our  experience  does  not  seem  to  us  to 
agree  with  the  author's  theory  that  the  trouble  is  due  to 
temperature  differences  between  top  and  bottom. 

With  regard  to  the  combined  lead  and  cement  joint,  it  is 
not  clear  to  me  how  it  can  be  proved  that  the  tightness  of  the 
Joint  is  due  to  the  combination  of  the  two  materials.  From 
what  we  have  heard  from  New  York  about  lead  wool  joints, 
it  would  seem  that  the  tightness  might  be  ascribed  to  the  lead 
wool  alone,  and  from  what  I  saw  on  one  occasion  of  the 
making  of  these  combined  joints,  I  am  inclined  to  believe 
that  the  lack  of  temperature  precautions  in  connection  with 
the  cement  portion  of  the  joint  would  be  apt  to  cause  such  a 
separation  of  cement  from  iron  as  to  make  the  cement  joint 
of  little  use  as  an  anchor. 

I  believe  that  this  joint  question  is  one  of  very  great  im- 
portance, and  that  the  Technical  Committee  during  the  com- 
ing year  should,  through  a  sub-committee,  have  the  subject 
thoroughly  studied.  With  the  right  men  making  the  proper 
experiments,  much  might  be  learned  for  the  benefit  of  the 
whole  business. 
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I  have  a  cominunication  from  Mr.  Ganz,  which  can  be  put 
in  the  record  without  being  read. 

Prof.  Mbert  F.  Ganz  (Hoboken,  N.  J.) :  I  would  like 
to  add  a  few  words  in  regard  to  the  relative  corrosion  of 
wrought  iron,  steel  and  cast  iroo  pipe  caused  by  electrolysis 
from  stray  electric  currents,  and  in  r^ard  to  the  effectiveness 
of  protective  coatings  for  iron  pipes. 

Stray  electric  current  on  a  pipe  line  lying  in  ground  produce 
corrosion  of  the  iron  by  electrolysis  at  every  point  where  such 
current  leaves  the  iron  to  flow  to  surrounding  soil.  The  mass 
of  iron  corroded  by  electrolysis  by  a  given  amount  of  electric 
current  in  a  given  time  is  the  same  for  wrought  iron,  steel,  cast 
iron  and  in  fact  for  all  kinds  of  iron,  and  is  equal  to  20  pounds 
of  iron  for  every  ampere-year.  Current  generally  leaves  iron 
pipes  for  soil  from  localized  areas  resulting  in  localized  cor- 
rosion of  the  metal.  When  cast  iron  is  corroded  by  electroly- 
sis, the  oxides  of  iron  resulting  from  electrolysis  usually  re- 
main in  place  forming  a  material  having  the  consistency  of  hard 
graphite  and  leaving  the  outward  appearance  of  the  pipe  un- 
changed. This  graphite  material  tt^ether  with  the  surround- 
ing soil  frequently  prevents  noticeable  leakage  of  gas  or  water, 
even  after  the  pipe  has  been  entirely  corroded  through  the 
metal.  In  such  cases  a  physical  examination  with  a  test  ham- 
mer or  a  knife  is  required  to  establish  definitely  whether  or 
not  it  has  been  damaged  by  electrolysis,  and  the  graphitic 
residue  can  usually  be  dug  out  with  a  knife  exposing  pits  in 
the  pipe.  On  the  other  hand  when  stray  electric  current  leaves 
3  wrought-iron  or  steel  pipe  or  pipes  of  similar  material  for 
ground,  the  oxides  of  iron  resulting  from  electrolysis  are  dif- 
fused through  the  soil,  resulting  in  pits  which  eventually  go 
entirely  through  the  wall  of  the  pipe  and  produce  leakage. 
While  as  already  stated  there  is  practically  no  difference  in  the 
rate  of  corrosion  by  electrolysis  between  cast  iron,  wrought 
iron  and  steel,  the  electrical  resistivity  of  cast  iron  is  however 
about  10  times  as  great  as  that  of  wrought  iron  or  steel,  and 
the  usual  lead  joints  in  cast  iron  pipes  have  a  resistance  which 
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is  many  times  greater  than  the  screw-coupling  joints  usual  with 
wrought  iron  and  steel  pipes.  For  these  reasons  a  given 
voltage  drop  through  ground  will  cause  a  much  smaller  cur- 
rent to  flow  on  a  cast  iron  pipe  line  with  lead  Joints  than  on  a 
wrought  iron  or  steel  pipe  line  with  screw-coupling  joints,  thus 
practically  making  cast  iron  pipe  lines  much  less  subject  to 
electrolysis  than  wrought  iron  or  steel  pipe  lines  with  screw- 
coupling  joints.  These  facts  are  home  out  by  experience,  for 
it  is  often  found  that  where  wrought  iron  or  steel  pipe  lines 
with  screw-coupling  joints  and  cast  iron  pipe  lines  with  lead 
joints  lie  in  ground  in  close  proximity  and  are  subjected  to 
exactly  the  same  conditions,  the  current  flowing  on  the  wrought 
iron  or  steel  pipe  is  many  times  greater  than  the  current  flow- 
ing on  the  cast  iron  pipe. 

In  regard  to  protective  coatings,  no  paint  or  similar  coating 
will  permanently  protect  an  iron  pipe  against  electrolysis  in 
soil.  The  first  difficulty  is  to  apply  the  paint  so  as  to  form  an 
absolutely  perfect  coating,  and  then  to  i»-event  mechnical 
damage  to  the  coating.  Where  imperfections  exist  or  develop 
a^ravated  trouble  may  result.  Experience  further  shows 
than  even  where  coatings  are  apparently  intact,  electrolytic 
action  is  not  always  prevented,  and  in  fact  very  serious  elec- 
trolysis pittings  have  been  found  under  apparently  good  coat- 
ings. It  has  been  found  that  in  most  cases  the  coatings  applied 
have  either  been  completely  destroyed  by  the  effects  of  the 
wet  soil  and  the  electric  currents,  or  defects  in  the  coatings  have 
developed  causing  concentrated  corrosion  at  such  defective 
spots.  The  effect  of  stray  current  upon  paints  and  similar 
coatings  which  are  not  entirely  moisture  proof  is  to  gradually 
destroy  the  coating.  This  destruction  goes  on  where  current 
flows  from  soil  to  the  pipe,  as  well  as  where  it  flows  from  the 
pipe  to  the  soil.  Pipes  in  positive  districts  covered  with 
imperfect  insulating  coatings  are  in  greater  danger  from  elec- 
trolysis than  bare  pipes.  Coating  pipes  in  negative  districts 
with  insulating  coverings  does  some  good  in  reducing  the 
amount  of  stray  current  which  reaches  the  pipes.    The  only 
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kind  of  insulating  covering  which  appears  to  afford  protection 
against  electrolysis  is  a  heavy  layer  of  a  materia)  like  coal  tar 
pitch  or  asphaltum,  preferably  i  or  2  inches  in  thickness,  of 
such  a  grade  that  it  is  not  brittle  and  so  will  not  crack,  but  yet 
is  hard  enough  to  remain  in  place. 

Cast  iron,  wrought  iron  and  steel  pipe  lines  laid  in  ground 
where  there  are  large  stray  currents  have  been  protected  by 
the  use  of  insulating  joints.  A  pipe  line  laid  entirely  with  in- 
sulating joints  has  a  comparatively  high  resistance  and  cannot 
carry  stray  electric  currents.  It  is  sometimes  possible  to  use 
comparatively  few  insulating  joints  to  break  up  the  electrical 
continuity  of  a  pipe  line,  and  protect  the  line  from  electrolysis, 
but  such  joints  must  be  installed  only  after  careful  tests  have 
shown  that  the  current  is  not  likely  to  shunt  through  ground 
around  them  and  so  do  more  harm  than  good.  This  depends 
largely  upon  the  potential  gradient  throi^h  ground  and  upon 
the  electrical  resistivity  of  the  ground. 

Following  is  discussion  by  Mr,  von  Maur  on  Mr.  Vincent's 
paper  on  Street  Main  Standards : 

Mr.  Vincent  has  certainly  written  a  most  excellent  paper, 
and  has  brought  together,  in  a  systematic  manner,  a  great 
deal  of  data  which  will  undoubtedly  add  great  value  to  the 
literature  on  distribution  topics. 

It  occurred  to  me  as  I  read  the  various  papers  by  Messrs. 
Vincent,  Rice,  Forstall,  Simpson  and  Gould  that  they  might 
well  be  discussed  together,  as  the  subjects  touched  upon  all 
bear  a  very  close  relation  to  each  other.  It  is  well  nigh  im- 
possible to  discuss  each  one  separately  without  some  repetition. 

I  will  endeavor  to  discuss  Mr.  Vincent's  paper  in  the  order 
in  which  he  has  arranged  the  topics. 

Bell  and  Spigot  Pitlings. — While  it  is  an  unquestionable 
advantage  to  have  all  bell  fittings,  it  is  also  an  advant^e  to 
have  a  reasonable  number  of  fittings  one  spigot,  for  cutting 
out  purposes.  While  it  is  true  that  with  the  all  bell  fittings 
this  takes  but  one  extra  joint,  it  must  be  remembered  that 
this  frequently  means  the  cutting  up  of  asphalt,  and  in  many 
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instances  a  great  deal  of  excavation  would  have  to  t>e  done 
which  could  be  avoided  if  the  connection  could  be  made  by 
using  simply  the  fitting  and  sleeve. 

Drip  Pots. — In  any  city  having  a  corrosive  soil,  or  where 
there  is  electrolysis,  the  following  rule  for  good  distribution 
I  believe  to  be  applicable,  namely,  "So  lay  out  the  distribution 
system  as  to  use  the  minimum  amount  of  wrought  iron  or 
steel  pipe,  and  do  nothing  which  is  repugnant  to  common 
sense."  This  rule  will  apply  to  many  conditions,  as  for  in- 
stance once  when  I,  mentioned  in  connection  with  the  discus- 
sion of  Mr.  Simpson's  paper,  namely  that  the  gas  main  should 
be  laid  close  to  the  curb,  and  when  the  street  becomes  con- 
gested a  second  main  should  be  laid  close  to  the  opposite  curb. 
This  results  in  the  minimum  amount  of  service  pipe,  apply- 
ing this  to  drip  pots  would  mean  that  a  tee  should  be  placed 
in  the  line,  and  the  drip  placed  inside  of  the  curb.  Under  this 
condition  there  will  be  very  little  maintenance,  all  danger  of 
broken  stand  pipes  will  be  avoided,  the  riser  of  the  drip  can 
be  rodded,  and  the  capacity  of  the  drip  can  be  increased 
without  cutting  into  the  street,  and  a  standard  line  drip  can  be 
used  to  take  the  place  in  many  cases  of  larger  size  drips.  For 
instance  if  a  12-inch  line  is  being  laid,  necessitating  a  drip 
draining  a  very  short  length  of  main,  a  smaller  size  drip  could 
be  placed  inside  the  curb.  I  appreciate,  of  course,  that  the 
line  drip  in  all  sizes  will  have  to  be  maintained  for  use  in 
places  where  the  side  drip  will  not  make  a  practical  and 
economical  construction. 

Offset  Pumping  Pipes. — I  do  not  approve  of  running  the 
ptunping  pipe  up  straight  from  the  drip  pot  where  the  latter  is 
set  in  the  street.  This  was  the  practice  in  Philadelphia  many 
years  ago,  and  I  naturally  followed  the  same  practice  in  St. 
Louis,  but  it  gave  us  so  much  trouble  that  we  not  only  aban- 
doned the  practice,  but  changed  the  location  of  the  pumping 
pipe  in  all  cases  where  it  had  previously  been  installed  in  the 
street. 

Valve  Covers. — I  believe  it  is  a  mistake  to  build  a  manhole 
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around  a  valve  from  the  bottom  of  the  valve  to  the  surface  of 
the  street.  We  fill  in  around  our  valves  to  a  point  close  below 
the  stuffing  box,  at  which  point  we  place  our  concrete,  allow- 
ing only  the  stuffing  box  to  be  seen  from  the  manhole  cover. 
It  has  been  my  experience  when  any  work  is  to  be  done  on  a 
large  valve  that  the  manhole  is  practically  destroyed  in  any 
event,  so  that  it  is  better  to  adopt  the  more  economical  con- 
struction in  the  first  place. 

Location  of  Gas  Mains. — I  have  already  stated  my  views 
on  this  subject  in  discussing  Mr.  Simpson's  paper.  It  must  be 
evident  that  if  the  location  of  4  feet  from  the  curb  is  adopted 
that  electric  conduits,  water  pipes  etc.,  which  are  subse- 
quently laid  may  be  so  located  as  to  seriously  interfere  with 
the  installation  of  gas  services. 

Blocking. — ^This  is  also  a  subject  on  which  I  have  already 
expressed  my  views.  Our  theory  is  that  blocking  should  be 
placed  under  the  pipe,  near  the  bell  and  spigot,  the  top  of  each 
block  to  be  flush  with  the  bottom  of  the  trench,  and  that  the 
greatest  care  should  be  taken  to  leave  the  bottom  of  the  trench 
undisturbed.  If  a  24-inch  pipe,  for  instance,  is  laid  on  such 
blocks  there  would  be  probably  one-half  ton  supported  by 
each  block.  The  undisturbed  earth  would  in  the  beginning 
support  part  of  this  weight.  Should  the  blocks  settle  the 
merest  trifle,  or  should  they  rot  a  small  amount,  allowing  the 
pipe  to  settle  the  least  bit,  then  immediately  more  pressure  is 
transferred  to  the  earth,  so  that  even  though  the  bottom  of  the 
trench  might  not  be  theoretically  a  perfect  plane,  every  ad- 
ditional trifle  of  settlement  results  in  bringing  an  additional 
undisturbed  ground  foundation  to  support  it. 

Testing  Joints. — There  is  no  question  in  my  mind  but  that 
every  piece  of  construction  should  be  tested.  It  is  never 
safe  to  assume  that  a  joint  is  tight,  without  test.  I  have 
seen  joints  made  in  the  most  perfect  manner,  even  with 
lead  wool,  where  a  leak  was  discovered  on  test,  the  air  finding 
its  way  through  a  porous  bell. 

Ditcking   and   Filling. — Suburban   work   can   certainly   be 
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done  most  economically  with  a  trenching  machine,  provided 
there  is  a  sufficient  amount  of  work  to  justify  the  purchase  of 
one.  If  no  machine  is  available,  and  the  work  is  sufficiently 
large  in  volume,  it  will  be  found  interesting  to  note  the  results 
obtained  by  digging  the  trench  on  the  piece-work  system. 
It  is  simply  remarkable  the  amount  of  trench  that  men  can 
excavate  when  they  are  dig^ng  on  a  piece  work  plan.  Of 
course  neither  of  these  methods  is  available  in  large  cities. 

Brand  of  Cement. — Mr.  Vincent  states  that  he  has  no 
report  of  any  company  using  German  Portland  cement.  I 
wish  to  say  that  in  St.  Louis  we  use  Dyckerhoff  cement  ex- 
clusively, and  to  it  we  attribute  a  great  deal  of  our  success 
with  cement  joints.  In  12  months  we  have  not  had  a 
single  leaking  cement  joint.  Of  course  there  may  be  leaking 
joints  of  which  we  have  no  knowledge,  but  certainly  none 
has  come  to  our  attention. 

We  have  one  line  of  30-inch  pipe  made  with  cement  joints 
which  has  never  given  us  any  trouble,  and  we  have  examined 
a  number  of  24-inch  high  pressure  cement  joints  which  have 
been  equally  satisfactory.  The  only  leaking  cement  joints 
which  we  have  had  were  those  where  Dyckerhoff  cement  was 
not  used. 

Referring  to  Mr.  Vincent's  suggestion,  at  the  bottom  of 
page  209,  regarding  a  combination  joint,  would  say  that  it 
would  seem  to  me  the  very  best  joint  could  be  obtained  by 
first  caulking  in  the  joint  say  one  strand  of  yam,  then  one  and 
a  half  inches  of  lead  wool,  following  which  would  come  the 
Dyckerhoff  cement  joint.  This  ought  to  combine  all  of  the 
advantages  of  both  materials,  without  waiting  for  the  cement 
to  set,  as  would  be  the  case  if  cement  were  first  used,  and 
then  followed  with  lead  wool. 

I  would  like  to  ask  Mr.  Vincent  whether  his  estimated  cost 
of  the  special  deep  bell  at  top  of  page  211  includes  the  extra 
cost  of  the  bell  itself? 

Much  of  what  follows  in  Mr.  Vincent's  paper  represents 
common  practice,  and  a  great  .deal  of  it  has  been  covered  by 
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other  papers.  There  is  just  one  thing  that  should  be  borne  in 
mind  when  considerittg  data  obtained  from  answers  received 
from  a  set  of  questions  sent  out  to  a  great  number  of  com- 
panies. The  mere  fact  that  a  lai^e  majority  of  concerns  are 
doing  work  in  some  particular  way  does  not  in  itself  prove 
that  that  way  is  the  correct  one.  In  order  to  get  the  "real 
meat"  of  the  whole  matter  it  will  be  necessary  to  have  in  addi- 
tion to  the  answers,  the  results  obtained  in  each  case.  It  must 
t>e  remembered  that  in  the  final  analysis  the  best  system  or 
method  of  doing  work  is  that  which  under  a  given  set  of 
conditions  produces  the  best  results. 

The  following  is  discussion  of  paper  on  "Street  Main 
Standards"  by  Mr.  H.  S.  Battin: 

Mr.  Vincent  has  made  a  very  thorough  analysis  of  the 
answers  from  the  various  companies  to  the  questions  sent  out 
covering  the  street  main  standards.  I  believe  that  Mr.  Vin- 
cent's conclusions  generally  agree  with  what  is  considered 
good  practice  in  street  main  work.  There  are,  however,  a  few 
points  on  which  I  do  not  exactly  agree  with  him  and  which  I 
will  take  up  in  detail. 

Full  Size  or  Reducing  Fittings. — Mr.  Vincent  comes  to  the 
conclusion  that  full  sized  fittings  should  be  used  at  intersec- 
tions of  all  cast  iron  main  up  to  12  inches  in  diameter.  As  a 
general  rule,  trunk  main  lay-outs  are  developed  for  each  city, 
and  this  lay-out  can  be  made  to  cover  the  development  of  the 
distribution  system  for  a  number  of  years.  Of  course,  oc- 
casionally this  lay-out  must  be  changed  in  order  to  take  care 
of  unexpected  developments  in  the  business  in  certain  sections 
of  the  city,  but,  as  a  general  proposition,  the  trunk  main  lay- 
out can  be  made  to  cover  the  general  growth  of  the  distribu- 
tion system.  This  being  the  case,  I  do  not  believe  it  is  neces- 
sary in  running  say  a  12-inch  line,  to  put  in  full  size  spec- 
ials at  all  intersections,  as  in  a  number  of  cases  4-inch,  6-inch 
or  8-inch  openings  would  be  sufficient  for  an  indefinite  period. 

Drip  Pumping  Lines. — I  believe  it  is  good  practice  to  ex- 
tend the  pumping  pipe  stra^ht  up  from  the  drip  pot  on  streets 
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that  are  paved  or  to  be  paved  in  the  near  future,  but  on  paved 
streets  I  would  reconunend  the  drip  pumping  line  be  extended 
to  a  point  just  inside  of  the  curb  Hne,  In  Northern  and 
Western  cities,  where  snow  and  ice  cover  the  ground  for  a  con- 
siderable period  during  the  winter,  I  would  extend  the  drip 
pumping  line  to  a  point  just  inside  of  the  curb,  as  otherwise 
it  would  be  almost  impossible  to  get  at  the  drips  to  pump  them. 

Cement  Joints. — I  do  not  believe  it  is  any  advantage  to 
have  lead  joints  at  fittings,  or  in  the  middle  of  blocks.  I  find 
that  main  laid  with  all  cement  joints,  both  in  the  pipe  and 
fittings,  remain  just  as  tight  as  ones  laid  with  an  occasional 
lead  joint ;  in  fact,  I  believe  the  lead  joints  are  more  apt  to  leak 
when  put  in  in  the  above  cases,  than  would  otherwise  be  the 
case. 

I  am  inclined  to  agree  with  Mr.  Vincent  in  the  conclusion 
that  cement  joints  on  cast  iron  mains  r6  inches  and  over  are 
very  apt  to  leak  sooner  or  later.  It  would  no  doubt  be  an 
improvement  if  the  bells  on  the  larger  pipe  were  made  deeper, 
where  cement  joints  are  made. 

I  understand  that  some  companies  have  made  a  combina- 
tion lead  and  cement  joint  on  mains  i6  inches  and  larger,  and 
that  these  joints  have  remained  tight  under  pressure  up  to 
at  least  5  pounds  per  square  inch.  It  is  recommended  in  cases 
of  combination  cement  and  lead  joints,  however,  that  the  bell 
should  be  made  at  least  5  inches  deep  for  12-inch  and  16- 
inch  main,  6  inches  for  20-inch,  and  7  inches  for  24,  30  and  36- 
inch. 

I  am  not  entirely  satisfied  in  my  own  mind  that  this  combi- 
nation cement  and  lead  joint  will  remain  tight  for  any  ex- 
tended period,  and  simply  mention  the  matter  so  that  it  can 
be  considered  with  the  general  subject  of  main  laying. 

damps. — I  believe  it  is  doubtful  whether  leak  clamps  on 
cast  iron  mains  carrying  up  to  say  5  or  10  pounds  pressure  are 
reliable,  especially  clamps  using  a  rubber  gasket.  Clamps 
using  the  asbestos  gasket  have  not  been  in  use  long  enough  to 
test  out  their  reliability,  although  I  believe  they  are  the  most 
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artificial  gas. 

Steel  Material  for  Street  Mains — Expansion. — I  note  that 
Mr,  Vincent  has  come  to  the  conclusion  that  it  is  not  necessary 
to  make  any  provision  for  expansion  in  wroi^ht  iron  or  steel 
mains.  My  experience  in  laying  high  pressure  steel  mains 
seems  to  indicate  that  it  is  necessary  to  provide  some  kind  of 
expansion  in  lines  of  8  inches  and  over.  In  the  smaller  sizes 
I  believe  it  is  possible  to  lay  the  main  in  such  a  manner  that 
expansion  joints  are  not  necessary,  I  know  of  a  double  line  of 
8-inch  main  laid  about  2  feet  6  inches  deep.  The  pipe  was  the 
regular  full  weight  line  pipe  with  taper  threads  and  recessed 
couplings  that  pulled  apart  the  first  winter  it  was  laid  in  at 
least  half  a  dozen  different  places  in  a  length  of  20  miles. 
The  same  thing  happened  to  two  lines  of  lO-inch  pipe  laid 
with  the  same  material  and  couplings.  Another  stretch  of 
two  lines  of  loinch  main  laid  throi^h  a  city  street  where  the 
main  had  to  be  laid  parallel  with  the  curb  and  in  a  straight 
line,  had  expansion  joints  installed  every  1,500  feet.  These 
lines  have  never  pulled  apart. 

Valves. — In  a  high  pressure  line  I  believe  it  is  advisable 
to  locate  valves  about  one  mile  apart  and  on  each  side  of  rail- 
road and  river  crossings. 

Inspection  of  High  Pressure  Mains. — I  do  not  believe  it  is 
necessary  to  patrol  high  pressure  lines  daily  in  towns  unless 
the  pressure  is  carried  over  30  pounds  to  the  square  inch.  I 
would  recommend,  however,  that  periodical  inspection  of  high 
pressure  mains  be  made  in  order  to  make  sure  that  there  are 
no  leaky  joints  in  the  mains  or  services. 

I  strongly  recommend  the  installing  of  curb  service  cocks 
on  all  h^h  pressure  services.  These  cocks  should  have  full 
gasway. 

With  the  few  exceptions  noted  above,  I  endorse  Mr.  Vin- 
cent's conclusions  covering  the  standard  to  be  recommended 
in  main  laying  practice. 
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Mr.  J.  A.  Gouu>  (Boston)  :  We  happen  to  have  duplicate 
30-inch  mains  parallel  to  each  other,  one  laid  with  cement 
joints,  the  other  with  lead  joints.  The  main  with  lead  joints 
was  laid  about  25  years  ago,  and  the  main  with  cement  joints 
about  10  years  previous.  In  looking  over  the  leak  records  for 
the  past  20  years  I  find  in  the  first  street  that  there  were  three 
and  one-third  times  as  many  leaks  found  in  the  lead  joints  as 
there  were  in  the  cement  joints.  In  the  next  street  there  were 
10  times  as  many  leaking  lead  joints  as  there  were  leaking 
cement  joints.  We  also  have  a  30-inch  main  laid  16  years  ago 
where  two-thirds  of  the  joints  were  of  cement  and  one- 
third  were  lead,  that  is  every  third  joint  was  lead.  Eight 
leaks  developed  in  the  lead  joints  to  every  one  in  the  cement 
joints,  and  as  there  were  twice  as  many  cement  joints  as  lead 
joints,  the  ratio  was  practically  16  to  i  in  favor  of  cement. 
This  main  was  2  miles  long. 

M».  Wm.  a.  Tobias  (Schenectady)  :  I  would  like  to  ask 
on  what  size  mains  it  is  advisable  or  rather  imperative  to 
begin  the  use  of  stoppers  in  conjunction  with  the  use  of  bags. 
I  have  been  using  stoppers  in  conjunction  with  bags  on  8-inch 
mains  and  larger,  and  use  bags  only  on  everything  below  8-inch, 
In  reference  to  the  cement  joints,  there  has  been  so  much  said 
about  it  that  it  is  almost  impossible  for  me  to  add  anything, 
but,  unfortunately  I  have  been  located  in  a  city  the  past  5 
years  where  previous  to  my  coming  there  the  distribution  work 
was  generally  done  by  contract  and  mostly  lead  joints.  I  have 
dug  up  not  more  than  4  cement  joints  that  have  leaked,  and 
those  were  joints  that  were  made  in  the  winter  time  when  the 
thermometer  was  probably  registering  12,  15  or  16°  be- 
low zero,  and  we  have  dug  up  lead  joints  and  found  that  9 
out  of  every  10  of  them  leaked.  Of  course,  the  percentage  may 
be  great,  because  the  work  was  done  by  contract ;  but  my  ex- 
perience has  been  that  the  cement  joints  will  hold  up  and  lead 
joints  will  not,  in  Schenectady. 

Mr.  Frank  Hellen  (Rochester)  :  Up  to  the  present  time 
I  have  always  been  a  great  admirer  of  the  cement  joints  in  the 
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cast  iron  mains,  up  to  and  including  i6-inch  cast  iron  pipe. 
In  fact  we  have  Iiad  no  trouble  until  this  yeai*  with  any  of  our 
cement  joints,  but  of  late  we  have  had  a  great  deal  of  trouble 
as  we  have  found  some  25  or  30  leaky  joints  in  our  16-inch 
cast  iron  pipe. 

These  are  joints  which  have  never  bothered  us  before,  and 
some  of  the  pipe  has  been  laid  4  or  5  years,  and  was  tested 
under  10-pound  pressure,  and  the  joint  had  been  made  24 
hours  in  all  cases  before  the  test  was  made.  The  pipe  was 
laid  on  a  solid  foundation,  and  I  know  that  it  did  not  settle  in 
any  way  so  this  could  not  be  the  cause  of  the  joints  leaking. 
Personally,  I  do  not  know  how  to  account  for,  why  the  joints 
should  remain  tight  for  2,  4  and  5  years,  and  then  all  of  a 
sudden  start  leaking.  From  our  past  experience  in  Rochester, 
I  believe  that  we  will  not  lay  any  more  16-inch  pipe  with 
cement  joints.  We  have  had  no  trouble  with  our  cast  iron 
joints  up  to  and  including  8-inch.  {We  have  never  laid  any 
10  or  12-inch  with  cement  joints.)        , 

We  use  the  Dyckerhoff  cement  in  all  cases,  and  are  very 
particular  to  see  that  the  cement  is  not  defective  before  being 
used. 

We  have  also  in  Rochester  raised  and  lowered  several 
pieces  of  4  and  6-inch  cast  iron  pipe,  made  with  cement  joints, 
and  placed  them  back  in  the  trench  and  tested  same  under 
10-pound  pressure  and  found  none  leaking.  I  do  not  think 
this  is  unusual  at  all — I  think  other  companies  have  had  this 
same  experience. 

This  year  we  have  made  a  systematic  inspection  of  our 
gas  mains  of  all  sizes,  that  is  we  have  had  two  of  our  best  fore- 
men walk  all  over  the  streets  where  gas  mains  are  laid,  and 
notice  the  sewers,  manholes,  dead  grass,  dead  trees,  and  every- 
thing that  would  possibly  show  that  there  was  a  leak.  Where 
dead  grass  was  noticeable  they  would  needle  the  same,  and 
make  a  report  to  the  Gas  Street  Department  of  any  leaks  found. 
In  this  way  we  have  found  a  total  of  about  130  leaks,  and 
some  of  them  were  very  bad. 
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I  believe  that  this  is  one  of  the  best  things  any  company 
can  do,  and  is  something  which  every  company  should  do  each 
year,  and  I  personally  believe  the  leaks  we  have  found  will 
s'ave  us  a  good  deal  of  work  during  this  coming  winter. 

I  am  also  of  the  opinion  that  this  has  had  a  great  deal  to  do 
with  the  reduction  of  our  leakage.  Our  leakage  for  the  year 
1913,  up  to  date  is  a  total  of  15,000,000  feet  less  than  a  year 
ago ;  reducing  all  our  mains  to  a  3-inch  basb,  our  leakage  per 
mile  on  the  3-inch  basis  will  be  about  70,000  feet  per  mile  of 
main. 

I  mention  this  merely  to  show  that  our  joints  must  be  equally 
as  well  made  as  most  of  the  cities,  for  a  great  many  of  the 
people  who  claim  they  have  no  trouble  with  cement  joints  will 
find  that  their  actual  leakage  per  mile  of  main  is  25  to  loo 
per  cent,  more  than  ours  is  in  Rochester, 

Personally  I  am  a  believer  in  using  the  line  drip  pot  in  all 
cases.  If  at  any  time  you  desire  to  locate  a  main  it  makes 
it  very  easy  to  do  so  without  reference  to  our  gas  main  maps, 
and  it  also  makes  it  very  easy  to  sound  the  drip  to  show  if  any 
water  is  left  in  the  drip  pot. 

In  regard  to  the  question  of  piece-work,  I  do  not  see  how 
this  systeo]  can  be  worked  out.  It  is  surprising  to  note  the 
different  conditions  of  the  soil  in  which  the  men  are  working — 
how  it  varies  from  12  to  25  feet  apart. 

I  believe  if  you  pay  your  foremen  good  wages,  and  make 
their  positions  better  than  they  can  get  elsewhere,  also  pay  your 
laborers  as  much  if  not  more  than  the  contractors  are  paying, 
that  in  this  way  you  can  get  the  pick  of  the  laborers;  show 
the  laborers  that  their  interests  are  yours  and  that  you  will  do 
for  them  all  that  is  possible.  I  know  this  has  proven  to  be  the 
case  in  Rochester,  for  last  year  we  laid  a  total  of  about 
5  miles  of  16-inch  gas  main  at  a  cost  of  46  cents  per  lineal 
foot. 

The  great  trouble  with  most  of  the  gas  companies  in  other 
cities  is  that  they  do  not  pay  their  laborers  any  more  than  is 
necessary,  that  is,  they  will  pay  from  2  to  5  cents  less  per  hour 
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than  the  contractors  will  pay,  and  for  this  reason  only  get 
the  laborers  the  contractors  will  not  use,  and  with  this  kind 
of  latmrers  it  is  impossible  to  get  results. 

The  Chairman:  We  have  just  a  few  minutes  before  we 
will  ask  the  gentlemen  who  read  the  papers  to  close  the  dis- 
cussion. 

Mr.  F.  N-  SpELLEk  (Pittsburgh)  :  In  referring  to  welding 
of  gas  lines  in  the  field,  Mr.  Shattuck  said  nothing  about  the 
use  of  double  length  pipe,  which  is  now  on  the  market  up  to 
i2-inch  size — 40  feet  long.  It  would  be  interesting  to  hear 
the  opinions  of  those  who  have  had  experience,  on  this  point. 

Another  thing  that  was  not  touched  on,  as  prominently  as 
it  deserves,  is  the  matter  of  cleaning  the  surface  before  coating. 
This  should  be  done  in  such  a  way  as  to  remove  all  loose  dirt 
and  scale, — otherwise  the  protective  coating  is  of  little  use. 

In  Mr.  Rice's  paper  I  notice  a  statement  credited  to  a  promi- 
nent manufacturerer  of  wrought  iron  pipe,  which  criticizes 
one  of  the  special  features  of  "National"  Pipe,  in  a  manner 
very  likely  to  mislead  those  not  informed  as  to  the  process  in 
question.  The  roll-knobbling  method  of  working  steel  for 
pipe,  which  some  have  termed  "Spellerizing,"  is  merely  a  con- 
venient means  of  kneading  the  metal  and  giving  it  better  and 
more  uniform  physical  properties;  therefore  it  is  not  surpris- 
ing that  this  competitor  did  not  find  any  material  difference 
between  this  and  ordinary  soft  steel  in  chemical  composition. 

The  references  to  corrosion  by  the  same  contributor  are 
characteristic  of  practically  all  statements  issued  by  the 
wrought  iron  interests,  vis. :  general  opinions  and  hearsay,  un- 
supported by  comparisons  of  the  various  materials  under  the 
same  conditions  of  service.  It  would  be  easy  to  refer  the 
cases  where  steel  lines  have  been  in  use  for  20  years  or  so  with- 
out damage  due  to  corrosion,  but  this  does  not  prove  that 
steel  is  better  than  iron,  nor  is  the  reference  to  isolated  cases, 
where  wrought  iron  has  shown  long  life,  worthy  of  considera- 
tion, for  any  pipe  may  last  only  a  few  months  or  50  years, 
depending  on  conditions. 
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As  an  example  of  the  kind  of  evidence  which  engineers  de- 
mand, I  submit  some  photos  of  a  condenser  coil  recently  re- 
moved from  the  Armour  Packing  House,  Chicago,  after  13 
years  service.  As  is  frequently  the  case,  both  steel  and  iron 
pipe  were  installed  together  at  that  time  and  those  who  ex- 
amined the  pipe  on  removal  report  no  preceptible  difference  in 
the  pitting  of  the  two. 

This  is  another  case,  in  addition  to  the  many  now  on  record, 
all  of  which  point  to  the  same  conclusion  as  that  expressed  in 
Mr.  Vincent's  paper. 

Mh.  L.  R.  Dutton  (Jenkintown,  Pa.) :  For  comparison  of 
cement  joints  with  lead  joints  on  pipe  under  jo  inches  in  size, 
we  have  had  in  use  for  15  years  about  15  miles  of  pipe  used  on 
low  pre&siire  in  which  the  cement  joints  were  made  with  Mann- 
heimcr  cement.  In  the  15  years  we  do  not  recall  over  one- 
half  dozen  leaks  having  been  reported  on  pipe  with  cement 
joint:-.  The  leaks  which  developed  were  almost  all  during  the 
winter  months,  and  the  breaks  we  had  were  from  frost  break- 
ing the  cast  iron  pipe  where  the  pipe  was  porous.  The  leaks 
did  not  occur  at  the  joints. 

Last  winter  we  had  considerable  trouble  with  leakage,  and 
the  most  of  this  happened  with  cast  iron  pipe  4-inch  and  6- 
inch  in  size  which  had  been  laid  at  the  same  time  as  the  pipe 
with  the  cement  joints,  but  the  joints  were  made  with  lead,  and 
at  least  80  per  cent,  were  found  to  be  leaking.  On  high  pres- 
sure wrought  iron  pipe  line  where  the  pipe  had  been  installed 
around  bends  in  the  road  and  not  properly  protected,  the 
frost  in  the  ground  caused  breaks  in  the  pipe  back  of  the 
sockets,  also  at  points  where  rubber  insulated  couplings  had 
l>een  installed 

Our  conclusion  with  the  experience  of  laying  the  wrought 
iron  pipe,  if  not  properly  protected  in  the  trenches,  and  lay- 
ing the  cast  iron  pipe  with  lead  joints,  and  cast  iron  pipe  with 
cement  joints,  is  that  we  have  fewer  leaks  from  the  use  of 
cement  joints  than  in  any  of  our  other  pipe  lines, 

Mr.  S,  H.  Wallace  (St.  l.ouis) :     I  had  occasion  to  make 
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some  experiments  on  electrolytic  conditions  in  St.  Louis 
County.  We  had  a  pipe  line  of  6-inch  high  pressure  carrying 
40  pounds  running  near  one  of  the  sub-stations  of  the  railway 
companies,  and  it  has  been  our  practice  every  6  months  to 
have  to  renew  this  pipe  line  for  a  distance  of  about  1,000  feet. 
I  had  occasion  to  relay  the  same  underground,  and  I  fell  in 
on  some  fiber  conduits.  In  looking  that  over  it  seemed  to  me 
this  might  be  a  good  insulator.  The  fiber  conduit  is  composed 
of  several  layers  of  thin  paper  thoroughly  saturated  with 
pitch,  a  layer  of  paper  and  a  layer  of  pitch,  and  then  put 
together  under  hydraulic  pressure.  We  encased  this  pipe 
wth  this  fiber  conduit,  cementing  the  joints  very  closely  with 
[he  pitch.  The  pipe  has  been  in  about  2  years  and  we  have 
not  had  any  trouble  so  far.  We  had  another  occasion  to  try 
it  on  some  smaller  mains,  2-inch,  and  i-inch  and  a  quarter, 
and  the  service  drew  my  attention  very  particularly.  In 
7  weeks  from  the  day  we  laid  the  service,  the  service  pipe  was 
eaten  up.  We  encased  that  with  fiber  conduit.  And  we  have 
not  had  any  trouble  since,  and  it  has  solved  the  problem.  We 
ha^e  a  standing  roll  where  we  intersect  the  car  line  and  we 
lay  the  pipe  line  inside  the  fiber  conduit. 

On  the  cement  joint  proposition  I  have  had  an  experience — 
the  city  was  rebuilding  or  regrading  a  street  for  a  distance  of 
about  300  feet,  and  there  was  an  excavation  of  about  8  feet. 
We  took  the  pipe  out  and  laid  it  on  the  bank  with  3  tripods  and 
connected  it  in  at  each  end  with  2  inch  steel  pipe  for  tempor- 
ary purposes,  and  after  the  grading  was  done  we  laid  thai 
same  line  back  in  the  ditch  and  made  a  test  and  it  was  still 
working.  The  pipe  has  been  laid  about  4  inches  on  cement 
joints.    We  found  absolutely  no  trouble. 

The  Chairman:  I  have  been  requested,  gentlemen,  to 
close  the  discussion  of  the  paper  at  this  time,  so  with  your 
permission  we  will  first  hear  from  Mr,  Rice. 

Mr.  H.  L.  Rice  (Aurora,  HI.);  I  do  not  disagree  with 
Mr.  Shattuck  as  to  low  points  in  pipe  lines.  Reading  the 
paper   on   page    175    you   will   find    this    statement;     "It    i.s 


D.gnzed  by  Google 


262 

customary  to  grade  pipe  lines  to  the  extent  of  avoiding  an  un- 
necessary number  of  pockets  or  low  places." 

It  certainly  is  not  necessary  to  have  the  same  careful  grade 
with  high  pressure  as  with  low  pressure  mains.  We  put  drips 
in  for  the  first  2  or  3  miles.  After  that  we  record  the  low 
spots  and  do  not  put  the  drip  pots  in  until  we  find  they  are 
necessary,  for  the  reason  that  we  found  trouble  in  cold 
weather  from  the  shearing  off  of  the  pipes.  In  one  particular 
locality  we  lost  several  drip  pipes  with  a  consequent  leakage, 
which  was  very  objectionable.  We  took  those  drip  pipes  out 
and  have  never  since  had  occasion  to  use  them  or  go  into  the 
pipe  at  that  point.  It  was  certainly  a  good  argument  that 
drips  were  not  necessary  in  that  locality,  although  the  low 
points  are  known.  With  a  high  pressure  main  where  the 
moisture  is  well  taken  care  of  in  the  first  mile,  we  started 
about  a  year  ago  to  pump  gas  to  a  town  where  we  had  pre- 
viously had  a  plant  in  operation  and  from  which  town  we  had 
been  pumping  out.  In  pumping  out  from  this  point  we  had 
not  protected  the  line  with  baffle  plates  or  tanks,  and  had  not 
extracted  the  moisture,  and  this  line  was  therefore  full  of 
moisture  for  a  considerable  distance.  After  reversing  the 
pumping  and  bringing  the  gas  from  30  miles  distant,  we  took 
moisture  from  the  end  of  the  line  for  the  first  3  months,  but 
for  the  last  9  months  we  have  taken  no  moisture  out  of  the 
line,  but  the  gas  coming  into  this  town  has  been  absolutely 
dry,  so  dry  in  fact  that  we  have  a  curious  condition  of  naph- 
thalene trouble,  namely  old  deposits,  drying  up  in  the  pipe  and 
clinging  temporarily  simply  from  a  condition  of  over-dryness 
and  nothing  else.  That  simply  shows  that  at  a  distance  of 
30  mites,  we  are  bringing  in  absolutely  dry  gas,  and  we  have 
dried  up  a  pipe  line  that  had  a  lot  of  moisture  in  it. 

The  subject  of  welding  should  have  been  included  in  this 
paper.  It  was  not  included  because  of  the  inexperience  of 
the  writer,  and  the  writer  is  glad  it  has  been  so  well  brought 
out  in  the  discussion.  Mr.  Macbeth  brings  up  the  question 
of  higher  pressure  on  cast  iron  pipe  lines.     The  statement 
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on  page  149  is  that  cast  iron  is  not  suitable  for  high  pressure 
work  for  pressure  exceeding  5  pounds  in  the  first  place,  because 
of  its  porosity  and  second,  l>ecause  of  the  uncertainty  of  the 
joints.  The  question  of  joints  has  been  pretty  well  taken  care 
of  in  the  discussion  of  lead  wool.  As  for  the  porosity,  the 
writer  has  very  little  information.  The  limit  of  5  pounds  has 
been  a  classic  in  high  pressure  work.  It  may  be  upset  by 
further  experience,  and  Mr,  Macbeth's  experience  will  be  very 
interesting  if  he  actually  attempts  to  use  10  pounds  on  a  cast 
iron  main.  Mr.  Terry  speaks  of  air  versus  gas  for  testing. 
On  page  176,  you  will  find  the  statement  that  in  such  cases  air 
pressure  may  be  resorted  to  for  testing,  but  this  is  less  reli- 
able and  many  engineers  prefer  to  test  their  pipe  line  with  gas 
at  a  lower  pressure  than  with  air  at  the  desired  pressure.  In 
our  company  we  would  not  use  air  for  testing  high  pressure 
lines  under  any  consideration.  We  prefer  to  use  gas  at  a 
lower  pressure,  rather  than  pump  up  with  air  to  the  pressure 
desired.  Probably  many  of  you  have  had  the  experience  of 
ordering  high  pressure  tanks,  and  have  specified  that  they 
should  be  tested  by  the  manufacturer  with  gas  pressure,  and 
he,  confident  in  his  own  experience,  disregards  your  instruc- 
tions and  has  them  tested  under  air  pressure,  and  they  leak 
immediately  when  you  put  gas  on  them,  even  though  you  use 
a  much  lower  pressure  than  he  does. 

Mr.  Jones  brings  up  the  question  of  2  valves,  and  he  spoke 
of  I  valve  being  used  to  take  the  place  of  the  other  when  it 
fails.  The  abstract  perhaps  missed  the  point  of  the  2  valve 
station.  It  did  not  mention  the  vent,  which  is  placed  between 
the  2  valves.  The  object  of  the  double  valve  station  is  that 
if  a  valve  is  nearly  tight,  but  will  not  hold  a  high  pressure  of 
25  to  50  pounds,  it  possibly  in  most  cases  will  hold  ordinary 
low  pressure.  By  using  2  valves  and  venting  you  only  get 
low  pressure  on  the  second  valve,  and  this  has  worked  safdy 
with  valves  that  were  not  absolutely  perfect.  All  our  valves 
have  a  blow-off  at  the  bottom,  and  we  blow  out  scale,  and  the 
black  dirt  which  collects  frequently  and  thoroughly,  but  never- 
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theless  we  have  found  single  valve  stations  are  not  effective, 
and  we  have  had  to  go  back  some  times  2  or  3  miles  and  close 
other  valves,  and  open  sleeves  between  to  get  a,  vent.  Tliis 
double  valve  station  does  that  very  readily,  and  so  far  as  we 
have  used  it  we  are  very  well  satisfied  with  it. 

The  discussion  did  not  bring  out  anything  r^arding  digging 
machines,  which  was  rather  a  surprise  to  the  writer,  but  of 
course  they  are  new.  The  report  of  experience  in  the  paper 
covered  only  1 1  days  on  a  new  machine.  This  favorable,  ex- 
perience has  continutd  and  we  long  ago  paid  for  the  first 
machine.  We  paid  for  it  so  soon  that  we  bought  another,  and 
now  we  have  bought  a  third,  and  we  believe  it  is  absolutely 
the  solution  of  running  long  stretches  of  pipe  line  across 
vountry. 

Mr.  G.  I.  Vincent  (Des  Moines,  la.):  To  the  best  of 
my  recollection  welding  is  not  mentioned  by  any  of  the  works, 
it  was  not  mentioned  in  the  paper.  It  is  obvious  from  the 
Jones'  plants  which  came  in  too  late  to  be  used.  That  is  why 
it  was  not  mentioned  in  the  paper.  It  is  obvious  from  the 
discussion  here  that  it  must  be  a  rather  satisfactory  method  of 
making  steel  pipe  joints.  Also,  the  double  coating  for  wrought 
pipe  mentioned  by  Mr.  Jones  was  not  reported  by  any  of  the 
plants,  and  I  do  not  believe  any  of  the  larger  companies  are 
using  it. 

I  think  Mr.  Bunker  spoke  of  testing  cement  joints  at  very 
h%h  pressure.  As  you  all  understand,  my  paper  is  simply  a 
compilation  of  the  data  returned  by  a  large  number  of  plants. 
One  of  the  conclusions  is  that  ordinary  forms  of  joints  in  cast 
iron  mains  are  not  to  be  depended  on  for  high  pressure,  and 
therefore  the  necessity  for  testing  them  at  high  pressure  does 
not  seem  to  be  apparent.  In  other  words,  the  paper  recom- 
mends some  other  form  of  joint  to  be  used  for  high  pressure 
without  specifically  going  into  what  type  of  joint  that  shotild 
he. 

Among  the  few  things  that  are  original  in  the  paper  was  the 
discussion  on  the  theory  of  the  failure  of  large  cement  joints. 
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and  I  have  talked  it  over  with  a  number  of  engineers,  and 
submitted  the  calculations  to  a  number  of  engineers,  I 
think  I  am  safe  in, stating  now  that  under  conditions  that  ob- 
tain in  a  climate  like  Des  Moines,  it  is  not  practicably  possible 
to  make  30-inch  cement  joints  in  standard  bells  that  will  re- 
main tight,  i  do  believe  it  is  possible  to  make  a  tight  cement 
joint  in  large  mains  in  a  specially  deep  bell,  because  I  believe 
that  the  failure  is  in  the  contact  between  the  cement  and  the 
iron  due  to  the  shear  set  up  by  the  difference  in  temperature 
between  the  top  and  Ixtttom  of  the  main.  If  the  contact  area 
between  the  cement  ring  and  the  cast  iron  bell  or  spigot  be  in- 
creased by  increasing  the  depth  of  the  bell,  I  am  confident 
it  will  be  |)ossible  to  make  lai^e  cement  joints  that  will  remain 
tight. 

The  paper,  drawing  from  the  data  submitted,  specifically 
states  that  cement  joints  can  be  satisfactorily  made  up  to  12 
inch  in  standard  bells  and  are  not  to  be  depended  on  over  that 

The  discussion  rather  developed  into  the  relative  merits 
of  lead  and  cement  joints,  apparently  assuming  that  condemn- 
ing cement  joints  for  large  mains  implied  an  approval  for  lead 
joints.  The  paper  suggests  in  the  summary  that  lead  joints 
also  are  not  to  be  depended  on  for  large  mains.  The  paper 
held  no  brief  for  either  cement  or  lead  joints. 

A  little  discussion  developed  on  piece-work.  As  I  took  it 
from  the  data  of  the  men  that  are  using  it,  piece-work  in  main 
laying,  is  used  only  in  the  ditching,  in  no  case  has  it  anything 
to  do  with  the  pipe  laying,  and  I  think  the  engineers  that  have 
tried  piece-work  in  main  work  and  other  work,  have  found  it 
to  be  satisfactory  where  it  did  not  come  in  contact  with  the 
handlir^  of  live  gas.  That  seems  to  be  the  point  where  they 
wanted  to  draw  the  line.  It  seems  to  be  inadvisable  to  attempt 
any  bonus  system  or  piece-work,  where  live  gas  has  to  be 
handled,  or  even  in  making  installations  through  which  gas 
will  subsequently  flow. 
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Mr.  Walton  Forstaix  :    I  would  like  to  move  a  vote  of 
thanks  to  Mr.  Rice  and  Mr.  Vincent  for  their  papers. 
The  motion  was  duly  seconded  and  carried. 
Recess  until  2  p.  m. 

AFTER  RECESS. 
The  Chairman  called  the  meeting  to  order  at  2:15  p.  m. 
Mr,    Walton    Forstall  :       Mr,    Simpson    unfortunately 
could  not  be  here,  so  I  have  been  asked  to  read  his  paper. 

PROTECTION  OF  STREET  MAINS  BY  AK  ADE- 
QUATE SYSTEM  OF  INSPECTION. 

Abstiact,^ — For  years  each  street  and  avenue  in  the  borough  of  Man- 
hattan has  been  patrolled  on  foot  daily,  about  30  men  and  3 
chief  patTollmen  being  required.  During  1912,  7,590  important  items 
were  reported,  including  leaks  of  all  kinds,  condensation  spilled  in 
streets,  buildings  torn  down  requiring  the  cutting  off  of  services  and 
removal  of  meters,  settlement  of  street  surfaces,  box  covers  missing, 
excavations  by  other  concerns,  etc.  Each  of  these  reports  cost  about 
f3X)0,  but  the  money  is  believed  to  be  well  spent  in  prevention  of  acci- 
dents that  would  probably  have  occurred.' 

In  Brooklyn  the  system  is  practically  identical  with  that  in  New 
York,  while  in  Philadelphia  a  similar  inspection  is  in  force,  except 
that  the  streets  are  covered  about  twice  a  week  and  the  men  use 
bicycles.  During  cold  spells,  the  Philadelphia  patrol  force  is  increased 
to  admit  of  all  pipe  smaller  than  6-inch  being  patrolled  twice  every 
24  hours,  and  6-inch  and  larger  every  two  days. 

In  Chicago,  all  employees  are  required  to  report  the  tearing  down 
of  a  building  in  addition  to  which  the  company  has  a  system  of  fur- 
nishing house  wrecking  companies  with  postal  cards  by  which  they 
advise  the  gas  company  in  advance  of  their  intention  to  tear  down 
buildings.  In  addition  to  this,  they  are  periodically  asked  for  this 
information. 

In  Boston  it  is  felt  that  the  districts  are  sufficiently  covered  by 
men  in  the  several  departments,  and  no  regular  system  of  patrol 
is  in  force.  In  Detroit  systematic  patrolling  is  confined  to  the  streets 
in  which  are  high  pressure  mains. 

Probably  the  most  dangerous  class  of  work  as  far  as  gas  companies 
are  concerned  is  the  construction  of  underground  railroads.  In  New 
York  the  work  was  originally  done  by  the  open  cut  system,  but  the 
general  clamor  against  trafhc  and  business  disturbance  has  resulted 
in  the  cut-and-cover  method.    This,  which,  as  far  as  sub-surface  gas 
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properly  is  concerned,  is  infinitely  more  dangerous,  consists  in  re- 
moving the  paving  and  replacing  it  with  a  tight  wooden  decking,  un- 
der which  the  excavation  and  construction  progresses,  practically  by 
tunnel  methods,  constituting  a  beautiful  explosion  chamber. 

In  New  Vork  every  main  on  work  of  this  character  is  killed  and 
gas  is  supplied  to  the  consumers  from  temporary  by-passes  laid  in 
the  gutter  before  any  excavation  is  done.  The  large  mains  are  car- 
ried OR  trestles  above  the  sidewalk  so  as  not  to  interfere  with  traffic, 
and  valves  are  placed  at  intervals  so  th,al  any  section  of  main  can  be 
shut  off  in  case  of  necessity.  In  addition  to  these  precautions  taken 
before  the  subway  work  is  started,  every  foot  of  the  street  or  avenue 
is  patrolled  day  and  night  by  specially  trained  uniformed  inspectors, 
each  of  whom  has  a  section  about  half  a  mile  long  and  is  provided 
with  all  appliances  necessary  in  cases  of  emergency.  The  inspectws 
are  required  to  ring  time  clocks  at  each  end  of  their  sections  at  short 
intervals,  and  are  under  the  charge  of  a  foreman  and  still  further 
under  charge  of  a  general  subway  foreman.  This  branch  of  the  work 
is  considered  so  important  that  the  position  of  subway  engineer  has 
been  created  with  <me  of  the  best  distribution  engineers  directly  in 
charge. 

As  the  openings  other  than  for  subway  work  are  reported  to  the 
office,  their  locations  are  visited  by  the  district  foreman  who  report 
to  the  district  superintendent  on  the  advisability  of  assigning  special 
inspectors.  When  conditions  warrant,  a  competent  man  provided 
with  all  necessary  tools  and  appliances  is  put  on  the  work  so  as  to  take 
any  necessary  steps  to  prevent  trouble  in  case  of  emergency. 

Another  class  of  construction  work  which  requires  constant  vigi- 
lance and  to  which  these  special  inspectors  are  assigned  is  that  of  exca- 
vation for  building  foundations.  On  account  of  the  enormous  value 
of  land  on  Manhattan  Island,  all  available  space  is  utilized  with  the 
result  that  very  deep  excavations  are  made  close  to  the  curb  line,  and 
unfortunately,  not  always  properly  sheathed  and  braced.  Where  pos- 
sible, the  endangered  mains  are  cut  olf,  but  where  this  cannot  be  done, 
special  stoppers  are  placed  where  they  can  be  inserted  without  delay. 
They  are  called  locally  "surface  inserted  stoppers,"  and  are  merely 
gas  bags  with  long  pipe  stems  inserted  through  previously  installed 
standpipes  brought  to  the  surface  and  protected  by  ordinary  street 

On  account  of  the  rapidity  with  which  news  traveb  in  small  com- 
munities, the  writer  believes  that  the  companies  in  such  places  will 
hear  of  any  occurrence  affecting  their  undertaking.  He  does  not,  how- 
ever, recommend  neglecting  entirely  the  precaution  of  patrolling,  and 
in  the  Yonkers  district,  the  largest  (own  supplied  by  the  Westchester 
Ughtii^  Co.,  the  distribution  system  is  gone  over  according  to  a  sched- 
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ule  which  calls  for  an  inspection  of  each  street  once  a  month.  In  the 
other  districts  of  this  company,  which  are  mostly  suburban  residence 
towns,  there  is  no  systematic  patrolling  on  distribution  lines.  The 
transmission  mains  are  patrolled -daily^  for  six  months  beKhndng  Octo- 
ber 1st,  daily  along  the  important  lines  where  work  is  being  done  by 
other  companies,  and  weekly  as  to  the  rest  of  the  transmission  lines. 
Where  the  mains  are  threatened,  precautions  similar  to  those  in  New- 
York  are  taken.  Where  possible  the  company  tries  to  have  other  com- 
panies do  blasting  in  the  morning  so  that  there  will  be  sufficient  time 
to  make  repairs  in  case  of  damage. 

With  high  pressure  main,  breaks  promptly  reported  by  citizens,  are 
much  more  likely  to  occur  than  small  leaks.  The  Western  United  Gas 
and  Electric  Company  patrols  its  entire  high  pressure  system  once  in 
the  fall  and  once  in  the  spring  after  the  frost  has  left  the  ground,  and 
also  patrols  different  sections  where  breaks  are  suspected.  The  patrol- 
men waich  for  evidences  of  leaks,  looking  out  particularly  for  smells 
and  dead  vegetation  and  also  examine  drains  and  culverts. 

In  Chicago,  streets  containing  high  pressure  feeders  are  patrolled 
twice  a  year  and  feeder  line  vaults  and  valve  basins  constantly;  in 
Uetruit  the  high  pressure  lines  are  patrolled  once  a  year,  the  work 
consisting  ordinarily  of  an  inspection  for  surface  indication  of  leaks. 

INTRODUCTION. 

Let  US  assume  at  the  outset  that  gas  property,  particularly 
mains  and  services,  in  the  sub-soil  of  public  streets  and  high- 
ways, requires  protection.  It  is  scarcely  possible  that  anyone 
will  dispute  this  fact.  The  important  point  for  the  considera- 
tion of  distribution  engineers  is,  therefore,  the  methods  and 
devices  to  be  employed  for  the  purpose  of  insuring  that  this 
protection  is  intelligently  obtained.  As  the  writer  is  naturally 
more  familiar  with  conditions  existing  in  New  York  City,  and 
as  New  York's  problem  in  this  respect  is  unquestionably  as 
difficult  as  that  of  any  of  the  larger  American  cities,  it  prob- 
ably will  be  best  to  describe  fully  our  method  of  handling  the 
various  phases  of  the  question,  and  then  to  take  up  the  manner 
of  solving  the  problem  in  other  cities. 

It  has  been  manifestly  impossible  to  obtain  the  views  of 
each  and  every  American  distribution  engineer  on  the  various 
divisions  of  this  subject,  but  the  hope  is  entertained  that  those 
whose  practice  has  not  been  ascertained  and  mentioned  herein 
and  who  undoubtedly  have  matters  of  importance   to  con- 
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tribute  in  this  connection  will  enter  heartily  into  the  discus- 
sion. This  paper  is  not  intended  to  be  a  lecture  or  to  serve 
as  a  text-book,  but  rather  is  written  for  the  purpose  of  develop- 
ing a  wider  interest  in  one  of  the  most  important  features  of 
street  main  maintenance. 

STREET  PATROLLING  OR  LINE-WALKING. 
For  a  number  of  years  it  has  been  the  practice  in  New  York 
City — and  by  New  York  City  is  meant  the  borough  of  Man- 
hattan— to  patrol  and  inspect  each  street  and  avenue  daily. 
This  work  requires  a  force  of  approximately  thirty  patrolmen 
and  three  chief  patrolmen,  each  of  these  patrolmen  being 
assigned  to  a  regular  district  and  having  a  regular  route  laid 
out  for  covering  it-  The  patrolmen  start  at  one  end  of  their 
route  at  7  a.  m.  and  finish  up  at  about  4  p.  m.,  thus  allowing 
sufficient  time  to  go  to  the  branch  office  and  make  a  report  of 
the  day's  work.  The  principal  duty  of  a  patrolman  is  the 
reporting  of  gas  leaks.  These,  of  course,  are  telephoned  imme- 
diately to  the  nearest  emergency  station,  and  the  emergency 
crew  is  sent  out  to  investigate.  As  a  general  proposition, 
however,  the  patrolman  is  required  to  report  to  the  branch 
office  every  item  of  interest  or  value  to  the  company.  Before 
his  assignment  to  patrol  duty  each  man  receives  a  certain 
amount  of  training  and  instruction  in  order  that  he  may  be 
properly  qualified  for  the  performance  of  his  duties,  and  each 
patrolman  carries  a  doctor's  certificate  to  the  effect  that  he  is 
able  readily  to  distinguish  the  odor  of  illuminating  gas.  Dur- 
ing the  period  January  1st-  to  December  31st,  1912,  these 
thirty-odd  patrolmen  reported  7,Sgo  important  items,  which 
included  information  respecting  broken  mains,  leaking  joints, 
services,  lamps  and  drips;  condensation  spilled  in  streets,  re- 
quiring disinfection;  buildings  being  torn  down,  requiring  the 
cutting  off  of  services  and  the  removal  of  meters ;  mains  re- 
quiring protection  or  joints  needing  caulking  on  account  of 
other  companies'  street  openings ;  pickholes  in  mains  and  ser- 
vices, caused  by  other  companies'  work;  settlement  of  street 
surface,  indicating  the  possibility  of  damage  to  our  sub-surface 
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property ;  box  covers  missing  or  reversed,  below  or  above 
grade,  etc.,  etc. 

Now,  this  patrol  system  costs  a  considerable  amount  of 
money  in  wages,  but  it  is  not  difficult  to  demonstrate  that 
this  is  expended  wisely  and  well.  Each  of  these  7,590  reports 
represents  approximately  a  cost  of  $3.00;  but  is  it  not  worth 
this  sum  to  be  in  a  position  to  properly  protect  our  property 
before  the  occurrence  of  damage  of  any  character?     Let  us 


Fig.  I. 

analyze  the  work  of  these  patrolmen  during  the  year  in  ques- 
tion. First,  we  have  street  leaks  of  all  characters,  of  which  a 
total  of  642  were  reported  by  patrolmen.  It  is  difficult  to 
imagine  any  distribution  man  questioning  the  absolute  impor- 
tance of  securing  leaks  with  promptness,  or  disputing  the  state- 
ment that  it  is  worth  many  times  $3.00  to  receive  early  notifi- 
cation of  the  location  of  the  same.  Second  in  point  of  impor- 
tance we  have  reports  of  depressions  in  the  pavement,  which. 
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in  New  York  City  at  any  rate,  always  indicate  the  possibility 
of  serious  disturbance  of  our  mains  and  services.  One  hun- 
dred and  sixty-six  cases  of  this  character  were  reported  by 
the  patrolmen ;  and  as  evidence  of  the  necessity  of  having  such 
conditions  promptly  reported,  let  us  glance  at  Figs,  i,  2,  3 
and  4,  presenting  2  cases  in  which  such  reports  were  not  made. 
In  the  first  case  (Figs,  i  and  2)  a  36  inch  water-main  devel- 
oped a  leak  which  washed  out  a  large  cavity  under  the  frozen 
street  surface,  completely  destroying  all  adjacent  sub-surface 


Fig.  3. 

structures.  Under  average  winter  conditions,  and  certainly 
at  any  other  time  of  the  year,  the  patrolman  would  have  dis- 
covered this  condition  from  surface  indications  on  his  daily 
round,  and  immediately  reported  it  to  our  emergency  crew,  and 
within  a  half  hour  our  mains  would  have  been  secured  or 
temporarily  cut  out,  and  the  Water  Department  notified  to 
take  care  of  their  property.    Unfortunately  the  frozen  ground 
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was  of  suf^cient  strength  to  hold  up  street  traffic  and  the 
patrolman  could  get  no  indication  of  the  trouble  below.  Now, 
let  us  take  Figs.  3  and '4,  showing  a  similar  case  during  the 
same  winter.  The  photographs  show  damage  enough,  but  do 
not  relate  the  whole  story,  in  that  the  series  of  explosions, 
which  were  the  first  indication  of  trouble,  can  only  be  described 
and  not  depicted.  Here,  again,  the  patrolman  was  not  respon- 
sible, as  a  3-foot  crust  of  frozen  «arth  was  sufficient  to  hold 
up  the  surface,  while  our  mains  were  washed  out  beneath. 


Fig  3 

These  are  two  illustrations  of  what  could  have  hap- 
pened in  the  other  164  cases  had  they  not  been  promptly 
reported  and  take  care  of,  for  every  case  of  pavement  depres- 
sion is  potentially  as  serious  as  those  above  mentioned. 

Another  very  important  duty  of  the  patrolmen  is  that  of 
reporting  buildings  about  to  be  torn  down.  We  are  all  more 
or  less  familiar  with  modem  methods  of  building  demolition, 
and  I  am  confident  that  no  one  will  dispute  the  fact  that  it  is 
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worth  at  least  $3.00  to  receive  prompt  information  in  this 
regard,  that  we  may  be  enabled  to  enter  these  buildings  before 
the  wreckers  destroy  such  meters  as  may  be  there  and  also 
break  off  the  services.  Eight  hundred  and  six  reports  of  this 
character  were  turned  in. 

Still  another  important  duty  of  the  patrolmen  is  the  report- 
ing of  excavations  made  by  other  companies,  in  which  it  is  or 
may  become  necessary  to  properly  protect  our  structures,  for 


Fig.  4. 

contractors  and  many  sub-surface  corporations  are  notoriously 
and  criminally  careless  with  respect  to  the  proper  support  and 
protection  of  gas  mains  which  they  encounter.  Of  course, 
we  can  institute  l^al  proceedings  if  our  property  is  damaged, 
but  is  it  not  more  economical  in  the  end  to  prevent  trouble  if 
possible  and  keep  clear  of  the  courts?  And  it  is  quite  possible 
that  as  a  result  of  damage  to  our  mains  some  one  may  be 
killed-  Though  the  damage  may  have  been  caused  by  others, 
73 
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are  we  not  liable  morally  for  having  permitted  the  accident 
while  conscious  that  it  would  have  cost  us  but  $3.00  to  obtain 
information  sufficiently  in  advance  to  have  prevented  the 
disaster  ? 

Fig.  5  is  a  good  illustration  of  what  the  average  contractor 
considers  proper  and  safe  supporting  of  gas  mains — 10  or  15 
feet  of  scantling,  stuck  in  the  ground,  which  the  slightest  jar 
or  vibration  will  shake  out  of  place !  Five  thousand  eight 
hundred  reports  of  this  character  were  turned  in  by  the  patrol- 


Fig.  5. 

men,  and  it  does  not  require  much  stretch  of  the  imagina- 
tion to  see  the  value  of  the  patrol  system  in  this  connection. 
The  balance  of  the  176  patrohnen's  reports  consisted  of  mis- 
cellaneous items,  such  as  drip  and  valve  boxes  above  or  below 
grade,  which  might  cause  accidents  to  vehicles  or  pedestrains ; 
meter  and  housepipe  leaks,  which  were  reported  to  the  patrol- 
men by  citizens,  janitors,  etc.,  etc. 
As  already  stated,  the  patrolmen  have  their  own  districts, 
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and  they  soon  become  known  to  the  residents  thereof  and 
also  to  the  workmen  of  other  companies.  Their  very  presence 
among  those  other  workmen  undoubtedly  is  the  cause  of  pre- 
venting considerable  damage  to  the  gas  company's  property. 

As  an  incentive  to  diligence  on  the  part  of  the  patrolmen, 
every  6  months  a  tabulation  is  made  of  the  reports  which  they 
have  turned  in — which,  of  course,  have  been  checked  by  the 
branch  office — and  the  patrolman  in  each  branch  having  the 
highest  rating  for  the  period  receives  an  increase  in  pay. 

Now  let  us  compare  the  practice  in  respect  to  patrolling  and 
line-walking  in  New  York  with  that  of  some  of  the  larger 
American  cities. 

In  Brooklyn,  the  system  of  acquiring  information  in  this 
respect  is  practically  identical  with  that  in  New  York,  and  in 
the  congested  portions  of  Brooklyn  Borough  wotking  condi- 
tions are  as  difficult  as  those  encountered  in  Manhattan.  It 
will  not  be  necessary,  therefore,  to  describe  the  Brooklyn 
Union  Gas  Company's  system,  for  it  would  be  merely  a  repe- 
tition of  what  has  been  noted  with  respect  to  New  York. 

The  patrol  system  in  effect  in  Philadelphia  is  quite  similar 
to  that  in  New  York  and  Brooklyn,  except  that  in  place  of 
covering  each  street  and  avenue  daily,  in  Philadelphia  a  patrol- 
man inspects  a  street  about  twice  a  week,  and,  while  in  New 
York  and  Brooklyn  the  patrolmen  are  required  to  walk  over 
their  routes,  in  Philadelphia  bicycles  are  used.  During  spells 
of  cold  weather,  the  Philadelphia  patrol  force  is  increased  to 
such  an  extent  that  all  2  inch,  3  inch  and  4  inch  mains  are 
patrolled  twice  every  24  hours,  and  all  6  inch  and  larger  mains 
once  every  2  days.  These  additional  men  are  required  to  walk 
over  their  routes  in  place  of  being  provided  with  bicycles. 

The  duties  of  the  Philadelphia  patrolmen,  or  line-walkers, 
are,  in  general,  to  patrol  the  streets'  in  which  mains  are  laid  or 
in  which  new  buildings  are  in  process  of  erection,  for  the  pur- 
pose of  gathering  and  reporting  any  facts  that  may  be  of 
value  to  the  company.  During  severe  cold  weather,  they  also 
patrol  their  districts  at  night.    Their  work  is  checked  up  by  a 
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system  of  reports,  whicb  cover  in  detail  all  inspection  work 
and  indicate  the  time  of  all  stops  made — the  report  being  really 
a  diary  of  the  patrolman's  work.  As  in  New  York  and  in 
Brooklyn,  the  discovery  of  a  condition  requiring  immediate 
attention  is  telephoned  to  the  ofHce. 

In  Philadelphia  a  consecutive  record  of  street  openings  made 
by  foreign  companies  is  kept  on  cards  made  out  by  the  patrol- 
men. This  enables  the  gas  company  to  trace  back  any  damage 
to  its  property  caused  by  other  companies  working  in  the 
street  Philadelphia  patrolmen  are  also  required  to  inspect  all 
street  openings  for  which  their  company  is  responsible,  and 
to  report  to  the  ofHce,  sufficiently  in  advance,  all  locations  at 
which  signal  lamps  or  danger  Saga  may  be  necessary  so  as  to 
permit  of  the  lamps  and  flags  being  placed  the  same  day. 
They  are  also  required  to  investigate  service  conditions  where 
the  footway  is  being  paved  or  repaved,  in  order  to  allow 
prompt  renewal  of  all  services  or  running  of  new  ones  where 
necessary.  In  the  matter  of  buildings  about  to  be  torn  down, 
it  is  the  duty  of  the  line-walkers  to  obtain  data  as  to  service 
location  and  information  as  to  the  location,  sizes  and  numbers 
of  the  meters  there.  Another  valuable  fact  gathered  from  the 
patrolmen's  reports  of  street  openings  is  the  location  of  gas 
company's  sub-surface  property.  In  New  York  this  is  obtained 
by  draughtsmen  detailed  to  cover  all  openings  involved ;  in 
Philadelphia  the  information  is  obtained  directly  by  the  patrol- 
man and  turned  in  on  his  report. 

In  Chicago,  a  rule  of  the  company  requires  that  all  em- 
ployees, when  noting  the  tearing  down  of  a  building,  with  the 
possibility  of  injury  to  the  company's  property,  shall  make  a 
report  of  the  same  immediately.  In  addition  to  this,  the  com- 
pany has  a  system  of  furnishing  house-wrecking  companies 
with  postal  cards,  by  means  of  which  they  may  advise  the  gas 
company  in  advance  of  their  intention  to  tear  down  buildings, 
and  they  are  periodically  requested  for  this  information. 

In  Boston  ,the  gas  company  does  not  maintain  a  force  of 
inspectors  for  the  systematic  patrolling  of  streets,  as  it  is  felt 
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that  their  districts  are  sufficiently  covered  by  the  men  of  their 
several  departments  in  the  performance  of  their  daily  duties 
to  keep  the  company  in  touch  with  all  work  which  might  in 
any  way  affect  its  property. 

In  Detroit,  the  systematic  patrolling  of  streets  in  which  the 
company  has  mains  is  confined  to  the  high  pressure  system, 
and  the  method  followed  in  undertaking  this  work  will  be 
described  later. 

RAPID  TRANSIT  SUBWAY  WORK. 
Probably  the  most  dangerous  class  of  work,  so  far  as  gas 
companies  are  concerned,  now  being  undertaken  in  some  of 
the  larger  American  cities,  is  the  construction  of  underground 
railroads ;  and  in  this  respect  a  vast  deal  has  been  learned  by 
bitter  experience  during  the  past  ten  years.  The  practice  of 
gas  companies  in  cities  where  work  of  this  character  is  being 
or  has  been  conducted  is  at  the  present  time  so  nearly  stand- 
ardized that  a  description  of  the  methods  employed  for  insur- 
ii^  absolute  safety  in  New  York,  where  an  enormous  amount 
of  this  work  is  at  present  under  way,  will  serve  to  thoroughly 
cover  the  ground.  No  other  undertaking  in  the  history  of 
New  York  City,  so  far  as  underground  work  is  concerned,  has 
caused  the  distribution  department  so  much  anxiety  and  loss 
of  sleep,  and  the  prevention  of  serious  accidents  has  only  been 
accomplished  by  extreme  precautions  and  eternal  vigilance. 
This  work  was  commenced  in  1901  but  at  that  time  it  was  done 
mostly  by  the  open-cut  method.  The  general  clamor,  however, 
against  traffic  and  business  disturbances  caused  by  this  type  of 
construction  has  resulted  in  recent  years  in  the  prosecution  of 
the  work  by  what  is  known  as  the  cut-and-cover  method, 
which,  so  far  as  sub-surface  gas  property  is  concerned,  is 
infinitely  more  dangerous.  For  the  information  of  distribution 
men  who  have  as  yet  been  fortunate  enough  not  to  have  experi- 
ence in  work  of  this  character,  perhaps  a  description  of  the 
two  methods  mentioned  would  be  of  interest,  for  subways 
seem  to  be  constantly  increasing  in  favor  and  are  bound  to 
come  in  time  to  all  of  the  larger  cities.   The  "open-cut"  method, 
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as  its  name  implies,  consists  of  opening  the  entire  street  from 
the  surface  and  merely  decking  over  a  small  portion  of  the 
same  for  vehicular  and  passenger  traffic.  While  this  method 
allows  for  considerable  serious  damage  to  gas  mains  if  extreme 
vigilance  is  not  maintained,  yet  the  danger  of  serious  explo- 
sions is  greatly  reduced  as  the  cut  is  naturally  well  ventilated. 
The  "cut-and-cover"  method,  now  in  general  use  in  the  more 
congested  portions  of  cities,  consists  in  first  removing  the  street 


Fig.  6. 

paving  and  then  replacing  it  with  a  tight  wooden  decking,  under 
which  the  excavation  and  construction  progresses,  practically 
by  tunneling  methods.  It  does  not  require  great  imaginative 
power  to  figure  how  disastrous  an  explosion  could  occur  were 
a  gas  main  to  be  broken  or  even  to  leak  for  a  short  period  of 
time  in  this  beautifully  constructed  explosive  chamber;  and  as 
an  instance  of  the  thousand  and  one  different  and  ever-present 
possibilities  of  a  serious  leak.  Figs.  6  and  7  show  the  damage 
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done  by  an  overcharged  blast  on  New  York's  Lexington 
Avenue  Subway  at  87th  Street,  Had  our  mains  at  that  point 
not  been  by-passed  on  the  street  surface,  there  would  have 
been  over  2,000,000  feet  of  gas  per  hour  emptying  into  this 
opening.  When  this  accident  took  place,  as  shown  in  the  pho- 
tt^raphs,  street  traffic  was  stopped  for  several  days,  but  not 
even  a  slight  odor  of  gas  was  detected.  Why?  Because  we 
have  made  it  an  inviolable  rule  to  kill  every  underground  main 


Fig.  7. 

on  work  of  this  character,  and  to  temporarily  by-pass  the  same 
with  wrought-iron  pipe  above  the  decking.  In  this  position 
and  constructed  with  this  material,  these  temporary  mains  may 
be  readily  inspected  and  cared  for  and  are  subject  to  the 
minimum  possibility  of  damage.  Again,  in  this  illustration, 
attention  is  called  to  the  temporary  by-passes,  which  may  be 
easily  seen,  and  which  are  absolutely  undamaged  in  every 
respect,  not  one  consumer  having  been  shut  off  even  for  5 
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minutes.  Just  contrast  these  by-passes  with  such  of  the  origi- 
nal underground  mains  as  can  be  seen  where  the  planking  has 
fallen  into  the  cut.  They  are  reduced  to  scrap-iron.  This 
case  is  typical  of  one  of  the  dangers  of  subway  construction, 
but  damage  as  great  as  that  shown  here  could  easily  be  caused 
by  the  explosion  of  a  small  quantity  of  gas  leaking  from  a 
main  or  service  under  the  decking ;  and  while  we  have  always 
been  convinced  that  by-passing  work  of  this  character  was 


Fig.  8. 

absolutely  necessary,  we  are  indebted  specially  to  this  particu- 
lar accident  in  that  it  brought  vividly  before  the  minds  of  the 
city  oiHcials  having  chaise  of  this  class  of  work  the  absolute 
necessity  of  the  same,  as  they  formerly  regarded  by-passing  a 
foolish  and  wholly  unnecessary  precaution.  Fig.  8  shows  the 
method  of  running  by-passes  along  the  street  decking.  These 
temporary  mains  are  laid  before  any  excavation  is  done,  and 
are  carried  back  in  the  side  streets  to  a  point  of  safety.     As 
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soon  as  the  services  are  transferred  to  the  by-passes  the  mains 
in  the  street  are  immediately  cut  off  and  capped.  Most  of  the 
contractors  engaged  in  building  subways  in  New  York  City 
now  consider  this  protection  work  so  important  that  they  are 
unwilling  to  assume  the  risk  of  excavating  until  the  by-passes 
have  been  installed. 

In  addition  to  the  temporary  by-passes  laid  on  the  street 
decking  it  is  necessary  to  take  care  of  all  of  our  larger  mains — 


both  distribution  and  transfer — which  are  interfered  with  in 
any  way  by  subway  work.  Figs.  9  and  10  show  the  method 
of  carrying  large  mains  on  trestles  along  the  route  of  the 
Broadway  Subway  in  the  borough  of  Manhattan.  These  lines 
are  laid  in  addition  to  the  regular  curb  by-passes  and  have  been 
placed  overhead  so  as  not  to  interfere  with  street  traffic.  As 
can  be  seen  in  Fig.  9,  valves  are  provided  at  intervals  in  order 
that  any  section  of  these  mains  may  be  quickly  shut  down  in 
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case  of  necessity.  Figs,  ii  and  12  show  by-passing  of  a 
similar  character  in  138th  Street,  borough  of  The  Bronx ;  and, 
as  can  be  seen  from  the  illustrations,  this  work  has  been  com- 
pleted before  the  street  paving  has  even  been  disturbed.  Fig- 
13  shows  the  method  of  carrying  lai^  distribution  and  trans- 
fer mains  across  the  Lexington  Avenue  Subway  excavation. 


Fig.  10. 

the  main  in  this  case  being  36  inches  in  diameter.  The  appar- 
ent sa^ng  in  the  center  of  the  span  is  due  to  the  photc^rapher 
and  not  to  faulty  construction,  as  the  pipe  is  held  rigidly  in 
place  by  the  suspension  cables.  Wherever  our  mains  cross  the 
line  of  the  subway  work  and  their  services  cannot  be  tem- 
porarily dispensed  with,  this  method  is  used. 
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So  much  for  the  precautions  taken  before  the  work  is 
started;  but  we  dare  not  permit  our  vigilance  to  stop  here. 
Every  foot  of  street  or  avenue  where  subway  work  is  in 
prt^ress  is  constantly  patrolled,  day  and  night,  by  specially 
trained  uniformed  inspectors.  These  inspectors  have  each  a 
section,  approximately  a  half  mile  long,  and  on  each  section 
there  is  a  tool-box  containing  all  the  necessary  tools,  wrenches, 
stoppers,  etc.,  which  might  be  needed  in  case  of  emergency- 


Fig.  M. 

The  inspectors  are  required  to  ring  time-clocks  at  each  end  of 
their  section  at  short  intervals,  and  they  are  under  the  charge 
of  foreman  inspectors  on  each  shift  and  still  further  under  the 
■  supervision  of  a  general  subway  inspection  foreman. 

This  subway  work  is  now  deemed  so  important  that  the 
position  of  subway  engineer  has  been  created  with  one  of  our 
best  distribution  engineers  placed  directly  in  charge,  and  under 
the  present  method  the  work  has  been  under  way  for  nearly 
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2  years  at  the  date  of  writing  without  one  single  disturbance 
to  our  property.  We  have  endeavored  to  make  the  system  as 
nearly  "fool  proof"  as  possible,  and  apparently  have  succeeded. 

SPECIAL  INSPECTION  ON  WORK  OTHER  THAN  SUBWAY  WORK 
CAUSING  EXTENSIVE  STREET  DISTURBANCES. 

As  before  stated,  in  New  York  the  regular  patrolmen  turn 
in  daily  a  list  of  all  street  openings  made  by  others  than  the 
gas  company  on  their  routes,  and  these  locations  are  turned 


Fig.  IS. 

over  to  the  various  district  foremen,  who  inspect  the  same 
and  report  to  their  district  superintendent  on  the  advisability 
of  assigning  special  inspectors.  Wherever  conditions  warrant 
it,  a  competent  gas  man  is  placed  on  the  work,  or  on  several 
different  jobs  if  they  are  located  within  a  short  distance  of 
each  other,  to  insure  that  no  damage  is  done  to  our  sub-surface 
property.     These  iuspectors  are  provided  with  all  necessary 
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tools  and  appliances  so  that  in  the  event  of  the  occurrence  of 
damage  they  are  able  immediately  to  take  such  steps  as  may 
be  necessary  to  prevent  trouble  and  interruption  of  service. 
The  presence  of  these  special  inspectors  is  of  great  benefit 
to  us,  as  the  very  crowded  sub-surface  conditions  existing  in 
most  of  the  streets  of  Manhattan  make  it  absolutely  certain 
that  some  underground  property  will  suffer  during  any  under- 
ground construction  work.     Before  it  became  the  policy  to 


Pig-  13- 

assign  these  special  inspectors  on  all  street  openings  it  was 
quite  common  to  find  our  mains  built  into  manholes  or  having 
other  heavy  sub-surface  structures  resting  upon  them.  Where 
blasting  operations  are  in  prepress  in  sufficiently  close  prox- 
imity to  our  structures  to  be  liable  to  cause  damage,  stopper- 
holes  are  always  tapped  in  the  mains,  and  before  each  blast 
the  inspector  inserts  the  stoppers  so  that  in  the  event  of  a 
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break  no  great  amount  of  damage  can  be  done.  Of  course, 
more  or  less  friendly  relations  exist  between  the  gas  company 
and  the  other  sub-surface  corporations,  and  there  is  a  con- 
siderable amount  of  giving  and  taking  so  far  as  underground 
space  is  concerned;  but  the  presence  of  these  inspectors  is  of 
great  assistance  toward  preserving  a  proper  balance  and  insur- 
ing that  we  do  not  give  more  than  we  take. 

Another  class  of  construction  work,  which,  though  it  does 
not  directly  affect  the  street  surface  to  any  great  extent,  re- 
quires constant  vigilance  and  to  which  these  special  inspectors 
are  assigned,  is  that  of  excavation  for  building  foundations. 
Land  is  enormously  valuable  in  Manhattan  Island,  and  con- 
sequently when  buildings  are  to  be  erected  the  architects 
endeavor  to  make  use  of  all  available  space  both  in  a  horizontal 
and  a  vertical  direction.  Therefore,  we  generally  have  the 
proposition  of  a  very  deep  excavation  extending  to  or  within 
a  few  feet  of  the  curb  line  and  imfortunately  not  always 
properly  sheathed  and  braced.  Wherever  possible,  we  con- 
sider discretion  the  better  part  of  valor,  and  cut  off  all  such 
mains  as  are  liable  to  be  endangered  by  a  failure  of  the  sheath- 
ing. In  many  cases,  however,  this  cannot  be  done,  and  stopper- 
holes  are  tapped  in  the  mains  at  a  safe  distance  on  either  side 
of  the  excavation,  and  the  necessary  stoppers  are  placed  where 
they  may  be  quickly  secured  by  the  inspector  and  inserted  in 
the  mains  with  the  minimum  amount  of  delay.  For  work  of 
this  character  we  have  recently  developed  what  we  call  for 
lack  of  a  better  name  a  "surface  inserted  stopper."  This  is 
merely  an  ordinary  gas-bag  with  a  long  pipe-stem,  and  it  is 
inserted  through  a  standpipe  that  has  been  previously  brought 
to  the  surface,  and  is  protected  by  an  ordinary  street  box. 
F^s.  13  and  14  will  show  more  clearly  than  any  description 
the  method  of  using  this  device,  which  is  of  considerable  value, 
allowing,  as  it  does,  the  repaving  of  the  street  surface  as  soon 
as  the  standpipe  has  been  placed  and  rendering  unnecessary 
the  construction  and  maintenance  of  a  temporary  wooden  man- 
hole. The  street  boxes  over  these  standpipes  have  a  special 
distinguishing  cover,  which  enables  us  to  locate  them  readily. 
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Another  benefit  derived  from  this  type  of  stopper  is  the  fact 
that  when  the  standpipes  are  once  placed  in  the  main  they 


Fig.  14. 

are  there  to  stay  and  may  be  later  used  at  any  time  as  tem- 
porary valves. 
It  will  not  be  necessary  to  show  specimen  photographs  of 
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the  damage  which  has  been  caused  to  underground  structures 
by  improperly  secured  building  excavations,  for  I  am  certain 
that  every  distribution  man  present  has  had  more  or  less  expe- 


rience  in  this  respect.  I  was  considerably  amused  by  an  item 
in  a  British  gas  publication  describing  an  occurrence  of  this 
character,  resulting  in  the  breaking  of  three  mains.    The  article 
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stated  that  "The  first  man  arrived  at  1.30  a.  m.  and  the  final 
stopper  was  inserted  at  8.30  a.  m.,  stopping  all  escape  of  gas," 
and  closed  with  the  statement — "The  dangerous  work  was  suc- 
cessfully carried  out  without  an  explosion  occurring,  without 
the  gas  firing,  and  without  injury  to  anyone."  If  our  British 
friends  had  expended  five  or  ten  pounds  in  taking  some  of  the 
precautions  above  described,  the  final  stopper  could  probably 
have  been  inserted  in  five  minutes  instead  of  five  hours  after  the 
occurrence  of  the  accident,  and  at  least  an  enormous  waste  of 
gas  would  have  been  prevented.  The  general  practice  followed 
by  most  of  the  larger  gas  companies  with  respect  to  the  pro- 
tection of  their  property  where  extensive  sub-surface  work  is 
being  undertaken  is  practically  identical  with  that  above  de- 
scribed in  New  York,  and  need  hardly  be  enlarged  upon,  except 
that  in  the  city  of  Chicago,  in  which  the  soil  is  of  such  a  char- 
acter as  to  make  building  foundation  work  exceptionally  dan- 
gerous, a  special  corps  of  inspectors,  under  the  charge  of  an 
engineer,  is  assigned  to  this  work.  This  engineer  inspects  all 
building  excavation  work  and  watches  caisson  sinking  for  evi- 
dences of  quicksand,  taking  levels  on  the  street  surface  for 
signs  of  settlement.  He  indicates  the  necessary  action  to  be 
taken  for  the  protection  of  mains  and  services,  which  may 
mean  the  simple  precaution  of  providing  the  necessary  stopper- 
holes  or  perhaps  the  cutting  off  and  capping  of  all  mains 
adjacent  to  the  building. 

INSPECTION  OF  SUB-SUKFACE  PROPERTY  AS  ADVISABLE 
FOR  SMALL  CITIES  AND  TOWNS. 
As  a  general  proposition  news  of  any  character  travels  with 
a  rapidity  inversely  proportionate  to  the  density  of  population, 
and  the  application  of  this  fact  to  the  gas  business  would  indi- 
cate in  a  measure  that  the  gas  company  officiafs  in  the  smaller 
towns  and  outlying  districts,  being  naturally  acquainted  with  a 
considerable  larger  percentage  of  the  population  than  those  in 
the  larger  cities,  will  receive  news  in  any  way  affecting  their 
undertaking  with  a  greater  degree  of  facility.  However,  I  do 
not  attempt  to  assert  that  in  streets  running  through  sparsely 
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populated  territory  it  would  be  poHcy  to  neglect  entirely  inspec- 
tion of  mains  for  leaks  or  other  indications  of  trouble.  We 
have  an  example  close  at  hand  of  a  suburban  company  supply- 
ing gas  to  a  number  of  cities  and  villages  in  Westchester 
County — the  Westchester  Lighting  Company.  In  the  largest 
city  supplied  by  this  company — Yonkers — the  distribution  sys- 
tem is  systematically  patrolled  according  to  a  schedule  which 
provides  for  the  inspection  of  each  street  once  a  month.  In 
the  other  cities  supplied,  which  are  mostly  suburban  residence 
towns,  no  systematic  patrolling  of  distribution  mains  is  done. 
The  transmission  mains,  which  are  of  course  of  great  impor- 
tance to  a  company  of  this  character,  are  patrolled  daily  during 
6  months  starting  October  ist,  and  for  the  last  2  weeks  in 
December,  during  the  peak  load,  are  also  patrolled  on  Sun- 
days. During  the  balance  of  the  year,  the  important  sections 
of  transmission  mains  along. which  work  is  being  done  by  other 
companies  are  patrolled  daily ;  the  balance  of  the  transmission 
system  being  patrolled  on  a  weekly  schedule.  Where  other 
companies  are  doing  extensive  work  along  the  lines  of  trans- 
mission mains  and  these  mains  arc  liable  to  be  damaged 
thereby,  special  inspectors  are  placed  on  the  work  to  watch 
the  company's  interests  ,the  number  of  these  varying  accord- 
ing to  the  importance  of  the  main  and  the  risk  in  which  the 
same  is  placed. 

In  the  event  of  sub-surface  work  being  done  along  the  line 
of  distribution  mains,  an  inspection  is  made  daily  by  a  com- 
petent man,  and  as  a  general  proposition  stopper-holes  are  pro- 
vided so  that  in  the  event  of  damage  the  main  may  be  quickly 
shut  off. 

Wherever  possible,  the  Westchester  Lighting  Company  en- 
deavors to  have  foreign  companies  do  their  blasting  in  the 
morning  so  that  in  case  a  main  should  be  broken  suflicient  time 
will  be  available  for  the  repair  of  the  same  before  the  load 
comes  on  at  night.  It  has  been  the  experience  of  this  com- 
pany that  unless  they  take  extreme  measures  and  are  excep- 
tionally careful  in  co-operating  with  others  whose  structures 
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are  encountered  during  construction  work  on  the  part  of  the 
gas  company,  it  is  practically  impossible  to  obtain  co-operation 
in  return  from  them ;  and  this  co-operation  is  of  great  impor- 
tance to  a  company  supplying  a  large  suburban  territory. 

It  was  the  intention  of  the  technical  committee  to  have  this 
paper  contain  a  recommendation  for  a  method  of  inspection 
which  could  be  successfully  adopted  by  the  smaller  gas  com- 
panies, but  unfortunately  the  writer  finds  this  to  be  an  impos- 
sible task.  Conditions  vary  greatly  in  different  sections  of 
the  country,  and  it  would  hardly  be  possible  to  suggest  any 
system  of  inspection  or  patrol  which  would  not  have  to  be 
greatly  modified  before  being  of  service  in  any  particular 
locality.  The  engineer  in  charge  of  the  distribution  system 
must  judge  for  himself  the  risks  involved  and  then  make  cer- 
tain that  every  possible  precaution  is  exercised  to  avoid  serious 
damage  from  leaks  and  breakage,  which  are  certain  to  cause 
interruption  of  service  and  possibly  loss  of  life. 

INSPECTION  AND  PATROl,  OF  HIGH  PRESSURE  MAINS. 

High  pressure  mains  are  of  a  somewhat  different  character 
than  low  pressure,  inasmuch  as  breaks  in  the  main  are  con- 
siderably more  likely  to  be  found  than  a  number  of  small  leaks, 
and  these  breaks,  owing  to  the  considerable  volume  of  gas 
escaping,  are  ordinarily  detected  and  reported  by  citizens  at 
once. 

The  Western  United  Gas  and  Electric  Company  patrols  its 
entire  high  pressure  system  twice  every  year — once  in  the  fall, 
before  cold  weather;  and  again  in  the  spring,  after  the  frost 
has  left  the  ground.  In  addition  to  these  periodic  inspections, 
this  company  also  patrols  different  sections  of  their  lines  from 
time  to  time  when  breaks  are  suspected.  These  latter  patrols 
are  not  as  thorough  as  those  in  the  spring  and  fall,  as  they 
are  made  only  in  the  event  of  a  break,  and  are  confined  to  the 
discovery  of  the  same.  In  the  periodic  inspections  a  certain 
number  of  men  who  are  familiar  with  the  mains  are  required 
to  walk  over  the  streets  in  which  the  mains  are  laid,  paying 
special  attention  to  any  indication  of  leakage  either  from  smell 


D.gnzed  by  Google 


292 

or  from  dead  vegetation.  The  patrolmen  also  examine  all 
culverts  and  drains  which  are  crossed  by  the  mains,  and 
organized  leakage  work  by  barring  is  done  when  the  aggregate 
amount  of  all  the  small  leaks  appears  to  warrant  it.  Many  of 
the  towns  supplied  by  this  company  at  high  pressure  are  under 
the  control  of  reducing  regulators,  which  maintain  a  constant 
pressure  of  from  8  to  lo  pounds.  At  the  outlet  of  these 
regulators  connections  are  provided  for  a  Westinghouse  high 
pressure  meter,  and  once  a  year  a  test  is  made  by  connecting 
up  this  meter  at  the  hour  of  minimum  consumption.  After 
an  experience  of  some  14  years  the  Western  United  Gas  & 
Electric  Company  considers  patrolling  as  described  above  of 
sufficient  importance  and  value  to  be  systematically  carried  out. 

In  Chicago,  streets  containing  high  pressure  feeder  lines  are 
patrolled  twice  a  week,  and  the  feeder  line  vaults  and  the 
valve  basins  are  constantly  inspected  by  a  special  vault  inspec- 
tion crew,  equipped  with  a  motor  car. 

The  Detroit  City  Gas  Company  patrols  the  streets  contain- 
ing hig^  pressure  mains  once  a  year — usually  late  in  the  fall. 
This  work  consists  ordinarily  of  an  examination  of  surface 
evidences  of  leaks,  such  as  partially  destroyed  grass  and  trees 
or  the  presence  of  gas  in  the  manholes  of  other  sub-surface 
conductors.  Where  evidences  of  leakage  appear  frequent, 
organized  barring  over  the  affected  district  is  usually  resorted 
to. 

In  closing,  the  writer  wishes  to  extend  thanks  to  the  dis- 
tribution men  of  the  various  companies  mentioned  herein, 
from  whom  a  considerable  amount  of  information  was  ob- 
tained ;and  also  to  repeat  and  emphasize  the  statement  made 
at  the  beginning,  that  this  paper  is  written  primarily  to  pro- 
mote discussion  on  a  very  important  subject. 

The  Chairman  :  Gentlemen,  we  have  just  listened  to  an 
excellent  paper  written  by  Mr.  C.  C.  Simpson,  Jr.,  Mr.  For- 
stall  reading  the  paper,  and  I  would  like  to  announce  at  this 
time  that  Mr.  Simpson  should  have  been  here  to  present  the 
paper,  and  by  his  company  was  allowed  that  privilege,  but  on 
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account  of  his  feeling  that  his  duties  at  this  time  necessitate 
his  presence  in  his  city,  he  decided  to  stay  at  home  rather  than 
to  be  with  us.  It  was  a  very  great  trial  to  him  perhaps,  in 
fact,  I  am  sure  it  was,  to  be  absent,  but  I  think  we  all  appre- 
ciate his  sense  of  duty  to  his  company  in  remaining  home  at 
this  particular  time. 

Now,  we  will  listen  to  Mr.  J.  A.  Gould's  paper,  entitled, 
"Protection  of  Street  Mains  by  the  Intelligent  Use  of  Under- 
ground space."     Is  Mr.  Gould  present? 

Mr.  Forstall  :  Cannot  we  start  to  discuss  this  paper,  and 
then  suspend  when  Mr.  Gould  comes  in? 

The  Chairman:     Yes. 

Mr,  C.  E.  Reinicker  (Chicago) :  I  want  to  correct  a 
false  impression  that  the  abstract  has  created.  In  Chicago  we 
have  quite  a  large  mileage  of  feeder  lines  in  which  gas  is 
carried  at  5  pounds  pressure.  Those  feeder  lines  are  patrolled 
twice  each  week,  every  foot  of  them,  instead  of  twice  a  year 
as  it  is  stated  in  the  abstract.  The  distribution  vaults  are 
visited  at  the  same  inspection  and  are  also  thoroughly  in- 
spected by  a  special  crew  once  each  week.  This  provides 
inspection  much  more  frequently  than  the  few  times  stated 
by  the  abstract. 

Mr.  Walton  Forstali.  :  I  believe  this  is  the  first  paper 
on  this  subject  that  has  ever  been  presented  to  a  gas  associa- 
tion, I  consider  that  it  is  very  timely,  both  from  the  stand- 
point of  the  large  and  of  the  small  gas  company:  Only  the 
companies  located  in  large  cities  can  afford  the  expense  in- 
curred in  New  York  and  in  Philadelphia.  Fortunately,  how- 
ever, it  is  only  in  large  cities  that  such  expense  is  needed.  On 
the  other  hand,  the  smaller  companies  cannot  afford  to  ignore 
entirely  this  question  of  street  main  inspection.  I  believe  that 
there  are  few  companies  so  small  as  not  to  profit  by  a  certain 
amount  of  systematic  line  walking  during  winter  weather.  In 
Pennsylvania,  the  inspection  of  street  mains  has  been  very 
much  to  the  fore  since  the  supreme  court  decided,  in  1908, 
that  the  Borough  of  Kittanning  had  the  right,  in  the  exercise 
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of  its  police  power,  to  tax  the  gas  company  for  the  inspection  of 
its  mains  by  the  police  force  of  the  borough.  In  this  case, 
and  also  in  the  case  of  Erie,  which  followed  soon  after,  I  do 
not  believe  that  the  amount  of  the  tax  was  brought  in  question, 
though  in  both  cases  $30  a  mile  per  year  was  charged.  Last 
year,  however,  at  Allentown,  the  gas  company  offered  evi- 
dence to  show  that  the  figure  of  $30,00  a  mile  was  absolutely 
unreasonable,  and  as  a  result  $12.00  per  mile  was  fixed. 

I  do  not  understand  that  the  $12.00  was  what  the  company 
thought  was  reasonable,  but  it  was  the  figure  they  finally 
settled  on  as  a  compromise. 

This,  however,  is  too  high,  because  our  Philadelphia  costs 
are  about  $5.00  per  mile  per  year,  and  these  costs,  as  shown 
in  Mr.  Simpson's  description  of  the  Philadelphia  system,  in- 
clude work  which  would  not  be  done  by  the  city's  police  force. 
As  decisive  evidence  that  the  courts  will  take  cognizance  of 
reasonable  costs  for  this  inspection  can  be  cited  the  recent 
decision  of  the  Pennsylvania  Supreme  Court  against  the 
Borough  of  Kittanning,  where,  its  having  been  shown  that  as 
a  result  of  a  number  of  years  of  this  inspection,  that  the  charge 
was  in  excess  of  the  cost,  the  attempt  of  the  borough  to  col- 
lect its  former  charges  has  been  over  ruled  and  a  new  trial 
ordered. 

In  view  of  the  above,  it  seems  to  me  that  in  Pennsylvania, 
and  probably  also  in  the  other  states,  for  the  idea  of  raising 
taxes  by  charging  for  the  inspection  of  gas  mains  may  easily 
prove  fascinating  in  places  outside  of  Pennsylvania,  it  would  be 
very  wise  for  the  gas  companies  to  start  an  adequate  inspec- 
tion system,  no  more  nor  less  expensive  than  the  local  con- 
ditions seem  to  demand.  The  main  point  is  that  each  company 
should  be  able  to  show  that  it  has  a  definite  inspection  sys- 
tem, costing  a  certain,  amount  of  money.  In  this  way,  I  be- 
lieve that  not  only  will  the  company  benefit  by  a  decrease  in 
expense  due  to  street  leaks,  but  also  will  be  in  a  proper  posi- 
tion to  defend  itself  against  unjust  taxation.  Incidentally,  it 
might  be  stated  here  that  the  Pennsylvania  Supreme  Court 
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has  ruled  that  a  gas  company  is  required  only  "to  maintain 
such  a  system  of  inspection  as  would  ensure  reasonable 
promptness  in  the  detection  of  all  leaJcs."  Therefore,  another 
advantage  from  an  inspection  would  be  a  better  defense 
against  claims  due  to  street  leaks. 

Only  large  cities  are  apt  to  have  subways,  but  small  cities 
may  at  times  be  the  theatre  of  more  or  less  extensive  excava- 
tions. It  cannot  be  too  strongly  emphasized  that  a  gas  com- 
pany should,  in  all  cases  of  extensive  excavations,  put  out  of 
service  any  mains  in  or  close  to  the  excavations,  caring  for 
any  absolutely  necessary  gas  supply  by  overhead  pipes,  pre- 
ferably of  steel.  In  Philadelphia,  we  believed  that  wJ  could, 
with  perfect  safety,  save  the  Transit  Company  a  large  expense 
by  leaving  in  the  ground  certain  gas  mains  not  in  the  excava- 
tion, but  close  to  it.  As  a  result,  due  entirely  to  very  careless 
shoring  by  the  subway  contractor,  there  was  a  gas  explosion, 
for  which  our  company  was  held  to  be  legally  responsible  and 
forced  to  pay  a  large  sum  of  money. 

In  any  city  where  there  are  many  sub-surface  structures, 
I  consider  it  very  important  that  the  gas  company  secures, 
by  its  linewalkers,  freedom  from  unnecessary  interference 
with,  and  undermining  of,  its  strurtures.  The  higher  officials 
of  the  various  companies  using  the  streets  are,  of  course,  all 
anxious  to  avoid  damage  to  the  structures  of  other  companies, 
but  the  actual  working  foreman  is  strongly  tempted,  when  he 
is  cramped  for  room,  to  encroach  upon  the  existing  struc- 
tures, and  here  is  where  the  linewalker  is  a  valuable  pro- 
tection. 

In  Philadelphia,  since  the  cold  weather  of  191Z,  we  have 
been  trying  to  differentiate  between  our  summer  and  winter 
linewalking.  In  summer,  the  principal  reason  for  linewalking 
is  to  guard  against  openings  by  other  people  that  would  affect 
our  structures.  In  winter,  however,  the  number  of  openings 
are  comparatively  few,  and  the  main  object  in  linewalking  is 
to  ensure  prompt  knowledge  of  leaking  structures.  Therefore, 
as  all  street  leak  records  show  that  the  greatest  trouble  is 
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experienced  with  small  mains,  it  is  advisable  in  winter  to  patrol 
mains  4  inches  and  smaller  very  much  more  frequently  than 
the  larger  mains.  Such  a  differentiation  of  the  work  is  pro- 
ductive of  great  economy,  as  compared  with  a  system  by  which 
all  of  the  mains  are  inspected  as  often  as  the  small  ones,  and 
at  the  same  time  affords  the  requisite  protection. 

The  Chairman:  Gentlemen,  we  have  with  us  now  Mr. 
Gould.  The  title  of  his  paper  is,  "Protection  of  Street  Mains 
by  the  Intelligent  Use  of  Underground  Space."  We  would 
be  pleased  to  listen  to  Mr.  Gould  at  this  time. 

Mr.  J.  A.  Gould  then  read  abstract  of  his  paper.) 

PROTECTION  OF  STREET  MAINS  BY  THE  INTELLI- 
GENT USE  OF  UNDERGROUND  SPACE. 

Abstract.— The  laying  and  maintaining  of  street  mains  in  the  con- 
gested districts  of  large  cities  is  one  of  the  serious  problems  of  the 
distribution  departments  of  gas  companies,  not  the  least  of  the  troubles 
being  the  leaks  and  breaks  caused  by  interference  with  the  pipes  by 
other  companies.  The  problem  is  infinitely  more  complicated  now  than 
it  was  formerly  when  there  was  only  a  line  of  sewer  pipe  in  the  middle 
of  the  street  with  a  gas  pipe  on  one  side  and  a  water  pipe  on  the  other. 

A  long  step  toward  avoiding  present  troubles  would  be  to  devise 
some  system  for  assigning  proper  locations  for  all  sub-surface  struc- 
tures in  streets  likely  to  become  congested ;  but  even  if  such  a  scheme 
should  be  in  force  serious  trouble  would  develop  unless  the  structures 
are  laid  so  that  those  put  in  ftrst  shall  not  be  undermined  by  subse- 
quent work. 

Under  present  conditions,  valuable  space  is  wasted  by  one  party  tak- 
ing up  more  space  than  necessary  or  by  claiming  undue  clearance. 
Some  have  an  unfortunate  habit  of  always  locating  their  pipes  half-way 
between  existing  structures  so  that  the  next  company  has  the  choice  of 
two  contracted  spaces  and  will  have  to  crowd  both  of  his  neighbors. 

If  there  could  be  some  experienced,  fair  minded  and  tactful  official 
or  board  with  power  to  decide  upon  the  location  of  all  pipes  and  con- 
duits, conditions  would  be  much  simplified.  An  example  of  the  possi- 
bilities in  this  line  was  had  in  Bostoii  in  one  of  the  engineers  of  the 
Transit  Commission  who  for  several  years  was  assigned  the  duties  of 
supervising  the  relocating  of  all  pipes  and  conduits  over  the  new  sub- 
ways. Now  all  permits  for  new  mains  have  to  be  passed  by  the  various 
city  departments  in  charge  of  the  city's  underground  structures  with  a 
view  to  protecting  the  municipal  property.    But  unless  there  is  a  thor- 
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oughly  settled  policy  as  to  locations,  a  change  in  the  personnel  of  the 
departments  controlling  such  locations  may  make  radical  changes  in 
the  policy. 

But  above  all  things,  the  problem  of  maintaining  existing  pipes  in  a 
safe  condition  is  the  most  serious  oik  for  the  gas  company.  A  particu- 
larly dangerous  condition  is  that  in  which  a  pipe  is  built  into  a  man- 
hole while  the  adjacent  lengths  rest  on  soft  backfilling.  The  pipes  may 
be  so  covered  or  crowded  by  new  structures  that  it  is  impossible  to 
caulk  the  joints,  and  large  bills  for  damages  ntay  be  incurred  by  driv- 
ing  bars    or    picks    through    electric    cables    while    making    necessary 

It  is  conceded  Ihat  with  few  exceptions  the  gas  company  has  few 
rights  that  the  city  is  bound  to  respect,  and  has  to  change  at  its  own 
expense  any  pipes  which  might  interfere  with  the  work  of  the  city 
or  state,  although  in  many  cities  the  comjianies  can  collect  damages 
from  contractors  on  city  work  who  injure  their  pipes.  One  im[>ortant 
exception  to  this  custom  of  requiring  companies  to  move  their  pipes 
in  a  city  in  which  the  company  is  recompensed  for  moving  its  mains 
on  account  of  subway  construction. 

Philadelphia  comes  as  near  as  any  of  the  largest  cities  to  having  a 
standard  system  of  locations  for  pipes,  sewers  and  conduits,  and  most 
of  the  underground  structures  have  definite  locations  assigned  by  the 
Board  of  Highway  Supervisors.  Unfortunately  this  plan  of  standard 
locations  often  receives  a  setback  through  the  fact  that  the  three  city 
bureaus  installing  underground  structures  lake  any  location  they  wish 
without  consulting  the  board. 

The  authorities  of  one  very  large  city  have  recently  attempted  to 
establish  a  Bureau  of  Sub-surface  Structures,  Vlesigned  to  locate  and 
map  all  existing  structures  and  to  assign  locations  for  new  work.  Up 
to  the  present  time  but  Vt  of  i  per  cent,  of  the  territory  has  been 
plotted.  About  25  years  ago  a  similar  scheme  was  tried  in  Boston,  but 
the  plan  fell  into  disuse  through  lack  of  appropriation.  The  gas  com- 
pany of  one  city  was  required  to  file  plans  annually  at  the  city  hall 
showing  locations  of  mains  laid,  but  it  is  questionable  if  reference  was 
eve»  made  to  maps.  It  may  be  practical  for  some  of  the  more  modern 
cities  to  start  such  a  system  and  to  derive  practical  benefit  from  it;  but 
where  gas  and  water  mains  and  sewers  have  been  laid  for  90  years,  it 
is  not  easy  to  establish  and  maintain  without  a  large  annual  expendi- 
ture, and  for  this-  reason  such  schemes  are  likely  to  come  to  an  untimely 
end. 

The  laying  and  maintaining  of  street  mains  in  the  congested 
districts  of  large  cities,  is  one  of  the  serious  problems  now 
confronting  the  distribution  departments  of  gas  companies. 
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If  the  trouble  was  confined  to  the  laying  of  such  pipes,  it 
would  be  serious  enough,  but  would  be  endurable  for  the  brief 
period  when  we  are  laying  the  main,  but  the  maintenance '  of 
these  pipes  is  with  us  day  and  night,  winter  and  summer,  and 
the  responsibility  accumulates  with  each  additional  main  we 
lay. 

If  we  could  eliminate  the  breaks  and  leaking  joints  caused 
by  the  interference  with  our  pipes  by  the  pipes,  conduits  and 
structures  of  other  companies,  the  life  of  the  men  responsible 
for  the  maintenance  of  our  pipes  would  be  much  happier  and 
the  maintenance  expense  would  be  much  more  satisfactory  to 
our  directors,  than  it  is  now. 

The  development  of  public  utilities  that  require  the  use  of 
the  public  streets  has  been  so  marked  in  recent  years,  that  we 
may  well  sigh  for  the  old-time  conditions,  when  there  was 
only  a  line  of  sewer  pipe  in  the  center  of  the  street — a  water 
main  6  feet  from  the  north  curb— a  gas  main  6  feet  from  the 
south  curb  and  perhaps  the  rails  of  the  horse  cars  in  a  few 
of  the  main  streets. 

Now  the  Sewer  Department  has  the  double  system  of  sewers, 
one  for  house  drainage  and  one  for  surface  drainage.  The 
Water  Department  has  its  ordinary  distributing  mains,  a  dupli- 
cate system  of  high  pressure  mains  for  fire  service  and  its 
reinforcing  feed  mains. 

The  electric  business  has  developed  rapidly  until  there  are 
now  nearly  a  score  of  different  varieties  of  wires  burie<l  in 
our  streets,  among  which  are  found  the  following  owners : 

Street  Railway  Company's  feed  and  return  lines. 

Electric  Illuminating  Co. 

N.  E.  Telephone  and  Tel^raph  Co. 

American  Telephone  and  Telegraph  Co. 

Western  Union  Telegraph  Co. 

Postal  Telegraph  Co. 

Telcpost  Co. 

Fire  Alarm  Service, 

Police  Signal  Service. 

Boston  District  Messenger  Co. 
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Automatic  Fire  Alarm  Co. 
Electric  Protective  Co. 
Holmes  Electric  Protective  Co. 
Mutual  District  Messenger  Co. 
Stock  Quotation  Telegraph  Co. 
United  Telegram  Co.,  etc. 

Several  of  these  larger  interests,  like  the  Street  Railway  Co., 
the  Lighting  Co.,  the  Telephone  and  the  Telegraph  Cos.,  have 
separate  conduits,  while  nine  of  the  companies  using  low 
voltage  combine  as  the  Low  Tension  Wire  Association  and 
their  wires  are  laid  in  a  common  conduit. 

These  electric  conduits  may  be  of  small  cross  section,  but 
their  manholes  are  built  on  too  liberal  a  scale,  so  they  encroach 
upon  the  neighboring  pipes  and  make  serious  complications. 

In  addition  to  the  electric  conduits,  we  have  had  the  conduits 
of  the  heating  company,  followed  by  those  of  the  freezing 
companies. 

The  pneumatic  tubes  for  the  U.  S.  mail  service  and  parcel 
delivery  are  also  troublesome  neighbors,  as  they  are  exacting 
in  their  requirements  as  to  line  and  grade. 

Now  the  requirements  of  the  street  railroad  have  outgrown 
the  capacity  of  its  surface  lines  and  require  either  the  elevated 
system  with  its  large  underground  piers,  or  subways,  which 
tear  up  all  the  existing  gas  pipes  and  most  of  the  other 
structures. 

The  city  catch  basins,  which  occupy  a  portion  of  the  side- 
walk and  at  least  3  feet  of  the  roadway,  still  further  reduce 
the  available  space;  and  in  the  business  districts  the  practice 
of  occupying  the  space  under  the  sidewalks  for  basement  areas, 
or  coal  holes,  still  further  reduces  the  area  available  for  pipes 
and  conduits. 

One  very  serious  condition  that  confronts  those  gas  com- 
panies that  are  not  municipal  plants,  is  that  they  have  no  per- 
manent rights  in  their  locations  that  the  city  or  State  is  bound 
to  respect  when  the  latter  want  to  do  any  work  with  which  our 
pipes  conflict. 
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This  has  been  strongly  brought  out  in  one  class  of  work — 
that  is,  the  construction  of  a  duplicate  sewer  system.  When 
the  storm  water  sewers  are  built  in  streets  where  the  old 
sewer  is  in  the  center  of  the  street,  the  water  main  on  one 
side  and  the  gas  main  on  opposite  side,  the  city  naturally  locates 
its  new  sewers  not  on  the  side  where  it  will  disturb  the  water 
pipe,  which  is  a  municipal  pipe,  but  on  the  side  of  the  gas 
main,  with  the  result  that  miles  of  such  gas  main  must  be 
relaid.  This  makes  constant  trouble  and  expense  for  the  gas 
company. 

Another  unfortunate  fact  is  that  most  of  this  sewer  work  is 
let  in  small  jobs  to  small,  irresponsible  contractors,  who  have 
no  interest  in  properly  supporting  or  backfilling  their  trenches 
and  the  neighboring  gas  pipes  have  to  suffer. 

This  trouble  from  the  building  of  storm  water  sewers  is 
avoided  in  new  streets  now  being  piped,  by  following  the  rule 
that  the  gas  mains  shall  not  be  laid  until  the  main  sewer  and 
water  main  have  been  laid.  The  gas  main  is  then  located 
between  the  two.  This  location  is  a  happy  one  for  the  gas 
pipe,  provided  the  sewer  and  water  trenches  have  been  care- 
fully backfilled. 

Unfortunately  there  are  hundreds  of  miles  of  older  streets 
that  were  built  and  piped  before  the  city  had  adopted  the  dupli- 
cate system  of  sewers,  so  there  is  trouble  ahead  of  us  for 
several  years. 

The  reciting  of  present  conditions  becomes  a  dreary  tale  of 
woe  and  the  important  thing  is  how  arc  we  to  improve  matters 
in  the  future? 

A  long  step  towards  avoiding  our  present  troubles  would  be 
made  if  it  were  possible  to  devise  some  wise  system  for  assign- 
ing proper  locations  for  all  sub-surface  structures  in  all  new 
streets  that  are  liable  to  develop  into  congested  districts,  or  that 
will  be  occupied  in  time  by  a  large  variety  of  pipes  and  con- 
duits; but  even  if  such  a  scheme  should  be  in  force,  serious 
trouble  would  probably  develop  unless  these  structures  are  laid 
in  their  proper  sequence,  so  those  first  laid  shall  not  be  under- 
mined by  subsequent  work. 
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Under  present  methods,  valuable  space  is  wasted  by  one 
party  taking  more  space  than  is  necessary,  and,  by  claiming 
unnecessary  clearance  for  his  own  convenience,  force  other 
pipes  into  contracted  areas.  For  instance,  the  parallel  clear- 
ance demanded  by  different  water  departments  ranges  all  the 
way  from  6  inches  to  12  inches  in  one  city  to  5  feet  in  another. 

Some  have  the  unfortunate  habit  of  always  locating  their 
pipes  half  way  between  existing  pipes,  with  the  result  that  the 
next  fellow  has  the  choice  of  two  contracted  locations  and, 
whichever  he  chooses,  he  will  crowd  both  his  neighbors,  while 
if  his  predecessor  had  been  wiser,  there  would  have  been  room 
for  all  of  them. 

If  there  could  be  some  experienced,  fair  minded  official  or 
board,  who  would  have  the  power  to  determine  just  where  all 
pipes  and  conduits  shall  be  located,  so  that  each  structure, 
whether  owned  by  the  city  or  a  corporation  having  legal  rights 
in  the  street,  would  be  given  proper  location,  conditions  should 
improve  greatly.  This  official  should  be  familiar  with  the 
laying  and  maintaining  of  all  these  structures,  so  as  to  intelli- 
gently locate  them  for  the  best  interests  of  all  concerned,  and 
should  be  free  from  all  bias  or  prejudice  for  or  against  every 
interest  involved. 

Such  a  position  would  be  no  sinecure  and  would  require  tact 
and  horse  sense  to  adjust  conflicting  interests  and  do  justice 
to  all. 

In  Boston,  we  have  had  a  sample  of  the  possibilities  in  this 
line  in  one  of  the  engineers  of  the  Boston  Transit  Commission, 
who,  for  several  years,  was  assigned  the  duties  of  supervising 
the  relocating  of  all  pipes  and  conduits  over  the  new  subways. 
This  engineer  had  previous  experience  on  telephone  conduits, 
pneumatic  tubes  and,  best  of  all,  the  laying  of  gas  mains,  so 
his  success  is  not  to  be  wondered  at. 

The  method  now  in  force  in  Boston  for  obtaining  a  permit 
for  a  new  main  is  as  follows : 

The  Engineer  of  Distribution  compiles  a  plan  showing  all 
existii^  structures  in  the  street  and  indicates  the  desired  loca- 
tion of  the  new  pipe.    A  blueprint  is  sent  with  the  application 
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to  the  office  of  the  Conunissioner  of  Public  Works  and  the 
location  is  approved  successively  by  the  Engineer  of  the  Sewer 
Division,  the  Engineer  of  the  Water  Division,  the  Engineer  in 
charge  of  grades  and  catch-basins  and  finally  by  the  Division 
Engineer  in  charge  of  Highways,  who  endorses  the  application 
and  the  Permit  Clerk  issues  the  necessary  permit.  This  super- 
vision is  only  to  protect  the  municipal  structures,  regardless  of 
its  effect  on  the  interests  of  other  corporations. 

Unless  there  is  a  thoroughly  setded  policy  as  to  the  loca- 
tions to  be  given  certain  pipes,  we  find  that  a  change  in  the 
personnel  of  the  departments  controlling  such  locations  may 
make  radical  changes  in  the  policy. 

We  have  had  executives  in  the  Street  and  the  Park  Depart- 
ment, who  gave  locations  for  gas  mains  in  sidewalk  in  prefer- 
ence to  the  paved  or  macadam  street,  while  their  successors 
changed  the  policy  entirely  and  kept  the  pipes  wholly  in  the 
roadway. 

Unless  some  settled  policy  is  in  force,  it  is  impossible  to 
intelligently  locate  the  outlets  for  branch  streets  when  a  new 
main  is  laid. 

Every  corporation  or  municipal  department  in  a  growing 
city  is  sure  to  outgrow  the  capacity  of  the  original  pipes  and 
conduits  and  the  locating  and  laying  of  reinforcing  pipes  is  a 
serious  problem.  The  old  14-15  puzzle  has  a  rival  in  finding 
a  location  for  such  new  pipes. 

But  above  all  things,  the  problem  of  maintaining  existing 
pipes  in  a  safe  condition  is  the  most  serious  one  for  the  gas 
company  and  it  is  not  always  the  last  fellow  in  the  street  who 
has  the  worst  of  it.  Everyone  knows  that  a  cast  iron  pipe 
that  is  undermined  is  liable  to  settle  and  either  leak  or  break. 
This  is  especially  dangerous  when  a  manhole  is  built  so  as  to 
enclose  or  support  the  pipe,  while  the  adjacent  lengths  are 
depending  on  soft  backfilling  for  support. 

The  pipes  may  be  so  covered  or  crowded  by  new  structures 
that  it  is  practically  impossible  to  caulk  the  joints  and  we  may 
incur  large  bills  for  damage  to  the  electric  cables  by  driving 
bars  and  picks,  when  making  necessary  repairs. 
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From  my  investigations  of  conditions  existing  in  several  of 
the  larger  cities,  widely  distributed  from  Maine  to  Oregon,  I 
find  the  solution  of  this  problem  is  often  a  local  one  as  some 
of  the  conditions  vary  in  different  cities. 

As  to  the  permanent  rights  of  the  gas  mains  in  the  street, 
it  is  conceded  with  few  exceptions  that  the  gas  company  has 
few  rights  that  the  city  is  bound  to  respect  and  any  gas  pipes 
which  interfere  with  the  work  of  the  city  or  State  must  be 
changed  at  the  expense  of  the  gas  company.  In  many  cities 
the  gas  companies  can  collect  damages  from  contractors  on 
city  work  who  damage  their  pipes  and  there  is  an  important 
exception  to  this  custom  in  one  city  where  the  gas  company 
is  recompensed  by  the  city  for  moving  its  mains  on  account  of 
subway  construction.  In  a  few  cities  the  gas  company  is  paid 
actual  cost  for  moving  its  pipes  and  occasionally  a  gas  com- 
pany bills  the  city  for  damage  to  gas  pipes  due  to  carelessness 
only. 

In  some  cities  the  locations  are  not  assigned  or  approved 
by  the  city,  while  in  others,  such  assignment  or  approval  is 
made  after  plans  are  submitted  by  the  gas  company. 

In  many  cities  there  is  a  well-established  understanding  as 
to  the  locations  of  the  sewers,  water  and  gas  mains,  while 
the  location  of  the  electric  conduits  is  more  a  matter  of  chance. 

The  locations  assigned  the  pipes  vary  in  the  different  cities. 
In  one  very  large  city,  the  water  main  is  located  in  the  center 
of  the  street,  where  most  often  we  find  the  sewer. 

In  one  city  the  center  of  the  street  is  given  to  the  gas  main. 
This,  to  me,  seems  a  most  happy  condition,  unless  the  street 
is  wide  enough  to  require  two  lines,  or  the  center  of  the  street 
is  occupied  by  the  street  car  tracks. 

From  this  location,  services  can  be  run  to  either  side  without 
blocking  the  street,  or  requiring  the  pipe  to  be  laid  in  two 
sections. 

In  one  important  city  the  mains  are  laid  between  curbstone 
and  line  of  street  when  practicable. 

Most  gas  men  select  a  location  in  the  roadway  near  the 
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curb  line  and  if  there  are  car  tracks,  there  should  be  two 
mains. 

The  general  manager  of  one  gas  company  says,  "Gas  mainR 
arc  given  preference  over  water,  sewer  and  conduit  lines, 
owing  to  the  necessity  of  obtaining  drain  for  condensation." 
What  a  pity  other  commimities  are  not  equally  enlightened  as 
to  the  respect  due  a  gas  main  I 

Philadelphia  comes  as  near  to  a  standard  system  of  loca- 
tions for  pipes,  sewers  and  conduits  as  any  of  the  largest 
cities  and  locations  of  most  of  the  underground  structures  are 
assigned  by  the  Board  of  Highway  Supervisors  consisting  of : 

Director  of  Public  Works  (Pres.). 

Chief  of  Electrical  Bureau. 

Chief  of  Highway  Bureau. 

Chief  of  City  Property  Bureau. 

Chief  of  Survey  Bureau. 

Chief  of  Water  Bureau. 

Standard  locations  as  follows  are  generally  followed : 

Gas  y/2  feet  from  curb. 

Telephone  5  feet  from  curb. 

Sewer  7  or  8  feet  from  curb. 

Electric  railroad  conduit  close  to  either  rail. 

Water  in  center  of  street. 
Mr.  Forst^ll  states  that  this  plan  of  standard  locations  often 
receives  a  setback,  other  than  that  due  to  existing  structures 
installed  before  the  plan  was  inaugurated,  owing  to  the  fact 
that  the  three  city  bureaus  which  install  undei^ound  struc- 
tures, lay  their  own  pipes  or  conduits  without  consulting  the 
Board  of  Highway  Supervisors,  and  take  any  location  it  deems 
best  for  itself.  Thus  we  see  that  any  carefully  thought-out 
system  will  prove  to  be  a  failure  if  the  city  departments  who 
are  responsible  only  to  themselves  ignore  its  provisions.  We 
could  hardly  conceive  of  a  corporation  being  allowed  to  break 
up  a  system  in  that  way. 

The  city  authorities  of  one  very  large  city  have  recently 
attempted  to  establish  a  Bureau  of  Sub-surface  Structures, 
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designed  to  locate  and  map  all  sub-surface  structures,  so  they 
will  be  able  to  assigfn  proper  locations  for  all  structures  of  all 
sub-surface  companies,  which  will  insure  permanence  and  pre- 
vent interference  with  existing  structures.  This  is  the  theory, 
but  I  am  informed  that  up  to  the  present  time  aboiit  '/,  of  i 
per  cent,  of  the  territory  has  been  plotted,  so  we  may  confi- 
dently hope  the  grandchildren  of  the  present  generation  may 
look  forward  to  enjoy  its  benefits. 

A  somewhat  similar  scheme  was  tried  in  Boston  about  25 
years  ago,  but  after  the  original  sectional  plans  were  made, 
there  was  no  appropriation  to  keep  them  up  to  date  and,  of 
course,  they  soon  became  of  little  value,  so  now  our  plans 
must  be  compiled  by  collecting  data  from  all  companies  and 
departments  known  to  have  pipes  in  the  street. 

A  gas  company  with  which  I  was  connected  was  required 
to  file  plans  annually  at  City  Hall,  showing  locations  of  all 
gas  mains  laid,  but  I  doubt  if  they  were  consulted  by  the 
departments  for  whose  benefit  they  were  made,  as  their 
drau^tsman  always  came  to  the  gas  office  to  compile  their 
location  plans  for  water  pipes  and  sewers. 

It  may  be  practical  for  some  of  the  more  modem  cities  to 
start  such  a  system  and  derive  practical  benefit  from  the  data 
on  file,  but  for  an  older  city,  where  gas  pipes  have  been  laid 
annually  since  1824,  and  its  systems  of  water  pipes  and  sewers 
are  also  entitled  to  the  respect  due  old  age,  it  is  not  an  easy 
thing  to  establish  on  a  practical  basis,  without  a  large  annual 
expenditure,  and  for  this  reason  such  schemes  are  apt  to  come 
to  an  untimely  end. 

The  Technical  Committee,  in  calling  for  a  paper  on  this 
subject,  realized  that  it  would  not  be  practical  to  recommend 
a  plan  for  assigning  specific  locations  for  the  various  pipes 
and  structures  that  could  be  generally  adopted  in  all  cities,  but 
its  value  would  be  more  to  remind  the  men  in  charge  of  street 
mains  of  the  importance  of  foresight  in  determining  the  proper 
locations  for  their  pipes.  This  can  be  taken  up  in  its  most 
practical  form  by  dealing  with  the  local  men  who  use  or  con- 
trol the  streets. 
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It  is  fortunate  that  as  a  rule  the  relations  existing  between 
these  parties  are  as  friendly  as  can  be  expected  and  it  is  the 
man  who  uses  tact  and  consideration  for  others  who  succeeds 
best  in  the  long  run. 

It  is  my  fortune  to  be  located  in  a  city  renowned  not  for 
the  width  or  straightness  of  its  streets,  and  in  which  conges- 
tion describes  the  existing  conditions  in  its  business  section 
as  truly  as  in  any  city  in  the  country,  with  perhaps  one  excep- 
tion ;  a  city  that  has  been  blessed  in  the  past  with  competing 
electric  light,  telephone,  telegraph  and  gas  companies,  with 
all  that  implies. 

The  most  of  this  paper  has  been  a  recital  of  a  local  tale  of 
woe,  but  its  usefulness  to  others  will  be  only  as  an  incentive 
to  do  all  in  their  power  to  prevent  such  conditions  in  their 
own  cities. 

The  Chairman  :  Gentlemen,  we  have  listened  to  two  in- 
teresting papers,  one  by  Mr.  Simpson  and  the  other  by  Mr. 
Gould,  and  I  take  pleasure  in  stating  now  that  the  papers  are 
open  for  discussion.  We  would  be  pleased  to  hear  discussion 
now  on  the  papers  presented. 

Mr.  J.  D.  VON  Maur  (St.  Louis) :  I  have  read  Mr.  Simp- 
son's paper  with  a  great  deal  of  interest.  The  exceptional  pre- 
cautions described  in  his  paper  are  undoubtedly  justified  by 
the  unusual  conditions  encountered.  It  is  safe  to  say  that  the 
enormous  expenditures  and  precautions  taken  by  the  New 
York  Gas  Companies  have  been  justified  by  experience,  or  else 
the  expenditure  would  not  have  been  incurred.  Conditions  in 
New  York  are  probably  more  difHcult  than  in  any  other  city  in 
the  world,  and  it  does  not  necessarily  follow  that  gas  com- 
panies in  other  cities  would  be  justified  in  adopting  anything 
like  similar  precautions.  We  should  all  take  heed  of  the  les- 
son, however,  that  it  pays  to  build  right  in  the  first  instance, 
for  conditions  in  other  large  cities  will  gradually  approach  con- 
ditions in  New  York,  and  there  are  already  in  some  of  the 
cities  small  districts  where  the  very  congested  state  of  un- 
derground conditions  has  already  been  reached. 
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Most  important  of  all  questions  it  seems  to  me  is  the  one 
relating  to  the  proper  location  of  gas  mains.  It  seems  strange 
that  with  our  industry  over  loo  years  old  no  solution  to  this 
problem  has  been  reached,  and  while  the  proceedings  of 
our  gas  associations  are  voluminous  in  other  matters,  it 
would  be  very  difficult  to  find  in  them  any  definite  recommen- 
dation as  to  what  the  proper  location  of  gas  mains  should  be. 
Even  if  a  municipality  with  the  very  best  of  intentions  should 
decide  to  give  the  very  best  locations  for  our  gas  mains  they 
would  not  be  able  to  get  any  definite  advice  from  any  discus- 
sions which  have  ever  taken  place  in  our  Institute  proceedings 
and  where  else  could  they  expect  to  find  the  very  best  thought 
on  this  question? 

In  the  opinion  of  the  writer  there  is  but  one  BEST  location 
for  a  gas  main,  namely,  the  space  just  outside  of  the  curb  line. 
The  reasons  for  this  should  be  obvious.  To  begin  with,  gas 
services  are  practically  run  into  every  building.  They  must 
be  laid  to  grade,  and  owing  to  their  nature  must  be  relaid 
periodically.  Furthermore,  they  carry  a  dangerous  substance, 
making  it  a  public  interest  that  they  be  molested  as  little  as 


The  water  mains  should  be  laid  just  outside  of  the  gas 
mains,  for  while  water  services  are  also  laid  to  each  house,  it 
is  not  so  necessary  that  they  be  laid  to  grade. 

Any  location  of  a  gas  main  which  allows  conduits  to  be  laid 
between  it  and  the  curb  always  means  interference  with  the 
gas  services,  and  frequently  renders  the  main  itself  inaccessi- 
ble for  running  gas  services,  owir^  to  the  elevation  of  the 
conduits.  Even  where  there  is  only  one  main  laid  in  the  street 
this  main  should  be  laid  close  to  the  curb  on  one  side,  and 
when  the  street  becomes  congested,  then  a  main  should  be  laid 
on  the  opposite  side,  and  all  services  on  this  side  of  the  street 
transferred  thereto. 

In  addition  to  the  above  precautions,  an  effort  should  be 
made  to  reduce  the  number  of  mains  to  a  minimum,  even 
though  it  may  cost  considerably  more  to  replace  two  smaller 
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pipes  with  one  larger  one.  Had  such  a  policy  as  the  above 
been  followed  in  years  gone  by,  it  is  safe  to  say  that  a  great 
deal  of  money  and  trouble  would  have  been  saved.  I  ap- 
preciate, of  course,  that  in  the  past  such  a  policy  was  not 
always  possible,  owing  to  the  number  of  companies  operating 
in  the  large  cities,  but  this  condition  has  been  almost  en- 
tirely eliminated,  so  that  to-day  there  is  no  excuse  for  not 
following  some  more  lexical  plan  of  installing  our  distribution 
systems  than  was  done  in  the  past. 

In  Philadelphia,  where  the  conditions  have  been  almost 
ideal,  and  where  the  location  of  mains  could  easily  have  been 
selected  in  the  best  available  space,  a  distance  of  some  three 
feet,  six  inches  from  the  curb  was  selected.  Just  why,  it  is 
difficult  to  understand,  unless  the  story  is  true  that  this  loca- 
tion was  selected  so  that  the  main  could  always  be  found 
by  laying  the  shovel  against  the  curb  and  excavating  near  the 
handle.  As  the  city  grows  and  the  space  between  the  gas  main 
and  the  curb  is  filled  in  with  other  conduits,  the  resulting  con- 
dition will  rapidly  become  worse. 

The  above  remarks  could  probably  have  been  more  ap- 
propriately made  in  connection  with  Mr.  Gould's  paper,  but 
the  subject  has  such  a  vital  connection  with  the  question  of 
leaks,  and  the  protection  of  gas  mains,  it  seems  to  me  entirely 
appropriate  to  discuss  same  in  connection  with  Mr,  Simpson's 
paper.  But  it  is  a  condition  that  confronts  us  and  not  a 
theory.  Every  one  will  admit  that  liberal  precautions  must 
be  taken  to  prevent  accidents,  not  alone  due  to  the  fact  that 
the  public  is  entitled  to  all  of  this  protection,  but  also  be- 
cause it  is  more  economical  to  prevent  accidents  than  to  re- 
pair the  damage  after  the  accidents  have  taken  place,  but  just 
what  precautions  should  be  taken  in  each  case  must  be  de- 
termined by  local  conditions  and  past  experience.  For  in- 
stance in  St.  Louis  the  total  number  of  street  leaks  on  mains, 
services  and  street  lamps  which  we  were  called  upon  to  take 
care  of  for  12  months  ending  July  1st.  of  this  year  was 
— 434.     Of   this   number  366  were  on   services   of  various 
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kinds,  and  68  were  what  are  known  as  main  leaks.  Of  the 
366  service  leaks,  133  were  caused  by  passing  vehicles  break- 
ing lamp  posts,  leaving  233  service  leaks,  or  less  than  1  per 
day  for  the  year.  Of  the  233  service  leaks,  55  were  caused 
by  grading  machines  on  streets  which  were  about  to  be  paved. 
Seventy -six  were  caused  by  services  rusting  out,  and  19 
were  due  to  leaking*  fittings.  The  balance  were  due  to 
electrolysis,  leaking  cocks,  etc.  Of  course  where  the  street  is 
entirely  overhauled  we  find  services  which  are  eaten  out  by 
electrolysis  or  rusted  out  from  corrosion. 

Referring  now  particularly  to  the  main  leaks,  they  con- 
sisted as  follows : 

(6)  3-inch  broken  mains, 

(24)  4-inch  broken  mains, 

(6)  6-inch  broken  mains, 
or  a  total  of  36  broken  mains  for  the  year,  the  bulk  of  which 
were  broken  in  connection  with  sewer  work. 
We  had— 

{3)  6-inch  leaking  joints, 

(8)  12-inch  leaking  joints, 

{4)  lo-inch  leaking  joints, 
or  a  total  of   (5  leaking  joints  for  the  year,  every  one  of 
which  was  a  lead  joint.     There  was  not  a  single  leaking  cement 
joint  throughout  the  entire  year. 

We  had  only  one  leak  on  a  large  size  main  and  that  con- 
sisted of  a  bar  being  driven  into  the  top  of  a  16-inch  main 
by  the  local  Street  Railway  Company. 

The  question  naturally  arises,  "Would  we  be  justified  in  pa- 
troling  all  of  our  mains  daily,  as  they  do  in  New  York,  and 
to  a  less  extent  in  Philadelphia  and  Chicago?"  We  have  not 
had  an  explosion  of  any  kind  in  years.  Of  course  we  have 
no  assurance  that  we  will  not  have  any  in  the  future,  but 
it  is  extremely  doubtful  whether  we  could  anticipate  or  pre- 
vent these  explosions  by  any  system  of  inspection  such  as  has 
been  described  by  Mr.  Simpson. 
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It  will  be  noted  that  the  bulk  of  our  leaks  have  been  on 
services,  the  total  number  of  our  main  leaks  being  very 
small,  namely  36  broken  mains  and  15  leaking  joints '  for 
the  entire  year. 

While  we,  of  course,  watch  all  sewer  work,  grade  crossing 
work,  deep  foundations  for  buildings  and  similar  activities 
on  the  street,  we  depend  more  particularly  on  our  methods 
of  doing  our  own  work,  and  on  maintaining  the  respect  and 
good  will  of  the  various  contractors,  public  utility  com- 
panies and  city  ofliciats.  If  we  expect  others  to  respect  our 
property  we  must,  in  all  fairness,  respect  the  property  of 
others.  I  can  say  with  absolute  truth  that  we  have  not  know- 
ingly molested  a  sewer,  water  pipe  or  conduit  of  any  kind 
belonging  to  either  the  city  or  other  public  utility  companies 
in  the  past  10  years.  This  policy  has  had  its  effect  so  that 
to-day  this  same  policy  is  being  followed  by  the  city  and 
other  companies  doing  underground  work.  I  doubt  whether 
any  city  can  show  a  less  niunber  of  street  inspectors  than 
the  St.  Louis  Companies.  None  of  us  would  think  of  damag- 
ing the  property  of  others,  and  should  such  damage  result 
accidentally,  we  do  not  wait  to  have  this  fact  found  out, 
but  immediately  notify  the  company  whose  property  has  been 
accidentally  damaged.  I  regret  to  say  that  this  policy  was  not 
in  vogue  prior  to  10  years  ago,  and  as  a  consequence  gas 
pipes  and  water  pipes  have  been  constructed  in  manholes  and 
sewers,  and  worst  of  all,  conduits  were  laid  on  either  side 
of  the  gas  mains  in  many  instances,  bringing  about  a  very  un- 
desirable condition  which  could  very  easily  have  been  avoided 
had  the  suggestions  made  in  this  paper  been  followed  from 
the  beginning. 

It  would  seem  that  the  owners  of  the  various  public  utilities 
could  very  easily  prevent  the  damage  of  one  another's  prop- 
erty. It  is  a  waste  which  can  and  ought  to  be  prevented. 
When  the  employees  of  any  company  fully  understand  that  the 
owners  will  in  no  wise  permit  any  molestation  of  other  com- 
pany's property  it  will  not  be  long  before  the  street  work  will 
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be  conducted  on  the  high  plane  that  it  ought  to  be  conducted. 
The  owners  in  their  turn  ought  to  know  that  in  the  long 
run  this  is  the  most  economical  policy  for  all  companies  to 
pursue. 

The  contractors  case  is  a  little  different,  but  most  con- 
tractors will  appreciate  good  treatment.  All  we  ask  of  a  con- 
tractor is  that  he  use  reasonable  precautions  in  doing  his 
work,  and  in  the  event  that  he  is  in  doubt,  or  where  he  acci- 
dentally .breaks  a  service  pipe,  or  does  other  dam;^,  that 
he  immediately  call  up  the  gas  company,  so  that  advice  can 
be  given  and  repairs  promptly  made.  If  an  attempt  is  made 
to  charge  a  contractor  for  every  minor  repair  he  is  very  likely 
to  cover  up  or  make  temporary  repairs  to  any  pipe  which 
he  may  damage.  We  have  frequently  found,  in  years  gone 
by,  pick  holes  in  service  pipes  which  were  repaired  by  winding 
cloth  around  the  pipe.  It  would  not  be  very  long  before  we 
would  expend  a  great  amount  of  money  in  making  these 
repairs,  which  could  have  been  avoided  if  the  contractor 
would  have  notified  us  in  the  first  instance,  so  that  the  repairs 
could  have  been  properly  made  at  the  time.  Where,  how- 
ever, contractors  are  plainly  careless  and  negligent  every 
effort  should  be  made  to  punish  them,  even  though  it  may 
cost  considerable  expense  to  do  so.  In  the  case  of  city  work 
the  city  officials  should  have  it  made  plain  to  them  that  while 
apparently  the  expenses  incurred  by  the  public  utility  company 
in  repairing  damage  done  by  city  contractors,  or  where  the 
location  of  municipal  work  is  selected  so  as  to  unnecessarily 
cause  an  expense  to  the  companies  for  the  removal  or  re- 
location of  their  underground  pipes  and  conduits,  is  paid  for 
by  the  companies,  yet  in  the  long  run  all  of  this  expense  is 
paid  for  by  the  consumer.  The  additional  expense  comes  as 
an  additional  cost  in  supplying  gas  service,  and  when  rates 
are  determined  this  expense  must  necessarily  be  taken  into 
consideration  by  those  fixing  the  rate  at  which  gas  is  to  be 
sold.     Thus  the  entire  expense  comes  back  on  the  consumer. 

A  further  fact  should  be  borne  in  mind  that  where  public 
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work  is  done  in  a  careless  manner,  such  as  the  improper  fill- 
ing in  of  trenches,  etc.,  which  allow  of  a  settlement  not  only 
vertically  but  a  slight  movemtnt  of  the  banks  laterally,  the  re- 
sult means  leaking  joints  and  broken  mains  both  on  water 
pipes  as  well  as  on  gas  pipes.  This  means  an  additional  ex- 
pense on  the  community,  aside  from  the  inconvenience  of  un- 
necessarily tearing  up  the  street  to  make  the  repairs.  Our  in- 
fluence should  be  used  with  the  engineers  under  whose  direc- 
tion the  bulk  of  municipal  and  private  work  is  executed,  and 
also  with  others  in  authority  to  see  that  justice  and  common 
sense  are  used  in  conducting  w_ork  on  the  above  lines.  We 
should  not  stop  here,  however.  Whenever  expensive  improve- 
ments are  made  in  a  city  street  we  should  see  to  it  that  our 
mains  are  permanently  located  in  the  best  possible  position  that 
is  permitted  under  the  circumstances,  and  that  no  more  pipes 
are  placed  in  the  streets,  or  allowed  to  remain  there  than  those 
necessary  to  give  ample  and  sufficient  service.  What  the  best 
location  is,  in  the  opinion  of  the  writer,  has  already  been  re- 
ferred to.  We  do  not  always  but  we  frequently  do  have  a 
choice,  and  have  had  many  choices  in  the  past,  but  we  have 
overlooked  our  opportunities. 

Where  streets  are  to  be  paved  or  reconstructed,  care  should 
be  taken  to  see  that  the  mains  and  services  are  in  proper  con- 
dition. It  would  not  seem  necessary,  however,  except  under 
exceptional  circumstances,  to  uncover  the  entire  systim  of 
pipes.  To  do  so  in  every  case  seems  to  me  to  be  a  usekss 
expenditure  of  money.  It  should  only  be  done  where  there 
are  special  reasons  for  so  doing. 

That  it  pays  to  follow  along  the  above  lines  has  been  dem- 
onstrated in  the  case  of  the  company  with  which  the  writer 
is  connected.  With  two-thirds  the  number  of  services  in  use 
as  that  mentioned  for  New  York  City,  on  page  41,  and  over 
900  miles  of  mains,  and  22,000  street  lamps,  the  entire  cost 
of  our  street  main  maintenance  for  the  past  12  months  was 
very  small  indeed. 

Where,  owing  to  construction  work  of  one  kind  or  other. 
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the  conditions  are  such  as  to  make  possible  an  accident  to  our 
gas  mains  we  simply  put  in  valves  at  such  locations  as  will 
place  the  dangerous  district  under  control.  The  suggestion 
is  made  that  it  will  pay  in  the  matter  of  making  complicated 
intersections  to  keep  close  to  the  curb  around  the  corners  of 
intersecting  streets,  and  then  make  the  cross-over  away  from 
the  intersection.  In  this  way  we  can  avoid  the  mass  and  net 
work  of  manholes  which  we  invariably  find  at  such  intersec- 
tions, and  also  get  away  from  the  complicated  intersecting 
street  car  curves. 

The  Chairman:  For  the  btnefit  of  those  who  have  come 
in  since  we  have  read  the  two  papers,  I  want  to  again  say  the 
two  papers  presented  by  Mr.  Simpson  and  Mr,  Gould  are  open 
for  discussion.  We  will  take  great  pleasure  in  listening  to 
discussion  on  these  papers, 

Mr.  R.  C.  Kellogg  (Brooklyn):  Mr.  Gould's  paper  in 
dealing  with  the  subject  of  location  by  some  separate  munici- 
pal bureau,  as  to  what  is  in  the  street,  has  interested  me  very 
much,  because  in  Brooklyn,  we  have  a  sub-division  there  of  tlie 
Mayor's  office  known  as  the  division  of  sub- structures,  whose 
general  plan  was  copied  from  that  employed  in  Philadelphia. 
This  division  has  parties  in  the  field  all  the  year  round  under 
the  charge  of  a  competent  chief.  They  take  note  of  everything 
in  the  line  of  sub-surface  structures,  sewers,  water  mains, 
telephone  conduits,  electric  light  conduits,  telegraph  cable 
conduits,  and  the  gas  main,  which  data  we  supply  them, 
ft  is  proposed  in  the  future,  when  the  records  of  this  division 
become  sufficiently  valuable,  that  is,  when  the  entire  town  has 
been  plotted,  which  they  estimate  will  take  about  5  years 
more,  to  charge  a  certain  small  fee,  practically  the  cost  to  the 
city  of  doing  this  work,  for  information  about  sub-surface 
structures,  and  they  will  supply  that  to  any  corporation  desir- 
ing to  locate  such  structures  of  any  sort  in  the  City  of 
Brooklyn, 

At  the  present  time  there  has  been  plotted  17  per  cent, 
of  the  entire  total  area  in  Brooklyn,  comprising  about   lio 
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square  miles,  and  they  have  25  per  cent,  of  the  most  congested 
part  of  the  city  plotted. 

In  reference  to  Mr,  Simpson's  paper  I  would  like  to  say  that 
we  use  a  system  of  patrolling  the  entire  city.  We  have  14 
men  under  the  head  of  an  experienced  expert  at  alt  times 
out  on  the  district,  who  cover  same  every  day.  Their  prin- 
cipal object  is  to  investigate  conditions  where  other  companies 
are  making  excavations  contiguous  to  our  property,  and  if  the 
conditions  look  dangerous  to  report  immediately  to  the  office 
by  telephone,  so  that  somebody  in  authority  may  go  out  there 
and  investigate  that  condition  and  make  some  arrangements 
with  the  other  company  as  to  the  disposition  of  the  gas  mains 
which  are  jeopardized  by  their  work.  The  chief  of  these 
men  goes  over  the  city  on  a  motor  cycle  and  covers  the 
entire  section  every  day,  meeting  the  men  on  their  rounds 
and  receiving  any  minor  reports  of  conditions  with  which 
they  may  become  familiar. 

In  reference  to  blockii^  of  mains  referred  to  in  Mr,  Vin- 
cent's paper,  we  have  found  that  it  is  best  to  use  blocking  on 
all  sizes  of  pipe,  the  reasons  for  this  are  that  in  the  conditions 
of  soil  peculiar  to  Brooklyn,  the  blocking  furnishes  a  better 
foundation  than  the  bottom  of  the  trench  because  it  can  be 
driven  or  hammered  into  the  dirt  and  also  because  no  matter 
how  careful  a  foreman,  may  be,  he  will  not  always  be  able 
to  dig  a  trench  bottomed  out  to  a  true  grade,  and  by  using  a 
block  back  of  each  hub  it  is  possible  to  depress  the  pipe  suffi- 
ciently by  tamping  the  block  down  to  a  position  where  the 
pipe  may  have  the  proper  fall. 

In  regard  to  protection  against  corrosion,  we  have  found 
that  tar  is  always  the  best,  as  Mr.  Jones  has  brought  up.  As 
to  electrolysis,  we  have  been  trying  out  a  coupling  of  our  own 
design  on  service  pipes  for  about  2  years.  It  is  composed 
of  a  piece  of  3-inch  pipe,  wrought  iron,  about  7  inches  in 
length.  This  is  placed  in  a  vertical  position  upon  a  board 
and  a  coupling  of  the  size  of  service  to  be  run  on  one  end  of 
a  piece  of  wood  is  placed  inside  exactly  in  the  middle.    This 
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piece  of  wood  is  round  and  also  of  the  same  diameter  as 
the  service,  and  on  its  upper  end  another  coupling  is  placed 
so  that  its  top  is  even  with  the  piece  of  3-inch  pipe.  The 
outside  surface  of  this  coupling  is  nicked  in  several  places  by 
means  of  a  diamond  point  and  hammer,  so  as  to  furnish  a 
bond  for  the  cement  grout  which  is  poured  into  the  3-incb 
pipe  until  it  is  full.  The  cement  is  allowed  to  set  for  at  least 
7  days  so  as  to  become  thoroughly  hardened  and  dry.  This 
device  is  then  placed  on  the  run  of  a  service  just  after  it  leaves 
the  main  and  has  been  tried  out  by  us  for  more  than  2  years 
with  excellent  results.  In  fact  these  results  were  so  good  that 
a  patent  has  been  obtained. 

In  r^ard  to  machine  caulking  of  cast  iron  mains :  Machine 
caulkir^  is  very  little  cheaper  than  hand  caulking,  but  it  is 
much  more  satisfactory  because  a  better  joint  is  obtained. 
Men  working  from  S  to  10  hours  a  day  are  bound  to  get  tired 
durit^  some  part  of  this  time  and  the  joints  made  during  this 
period  of  fatigue  are  the  ones  which  will  eventually  leak, 
whereas,  if  you  have  a  machine,  which  does  not  get  tired,  you 
conserve  the  energies  of  your  men  and  get  a  better  joint. 

Couplings  containing  rubber  are  not  to  be  recommended. 
They  are  all  right  for  natural  gas  but  artificial  gas  goes  right 
through  them.  They  last  anywhere  from  6  months  to  2  or  3 
years. 

As  to  service  valves,  the  Building  Code  of  New  York  City 
requires  them  placed  on  all  public  buildings  of  any  character 
whatsoever,  and  we  are  making  a  practice  there  of  putting 
them  on  all  houses  which  have  6  families  or  more. 

In  r^ard  to  overhauling  prior  to  paving,  we  have  records 
of  all  our  mains,  and  where  a  main  has  been  down  3  or  4 
years  we  look  over  the  situation  and  bar  down  to  see  whether 
the  main  is  in  good  condition  or  not,  and  sometimes  uncover 
4  or  5  joints,  if  the  bar  hole  seems  to  warrant  it:  If  it  ap- 
pears necessary  we  overhaul  the  whole  line.  The  services  are 
also  overhauled  at  the  same  time  prior  to  the  city  repaving 
the  street  or  putting  down  new  pavement    We  lay  nothing 
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less  than  4-inch  pipe,  and  that  is  all  laid  in  the  outlying  sec- 
tions.    In  the  City  of  Brooklyn  nothing  under  6-inch  is  laid. 

Mr.  J.  A.  Frick  (Alletown,  Pa.)  :  While  Mr.  Simpson's 
paper  covers  the  patroling  and  supervision  of  operation  of 
quite  an  extensive  nature,  it  is  equally  true  that  it  is  just  as 
necessary  to  carry  this  on  a  smaller  scale  in  the  smaller  sized 
towns.  Some  years  ago  I  was  connected  with  the  Consumers 
Gas  Company  of  Reading  while  the  city  was  putting  down 
about  30  miles  of  house  sewers.  The  city  is  underlaid  with  a 
limestone  formation,  which  made  the  work  extremely  diffi- 
cult. I  think  we  had  practically  all  of  the  powder  experts  in 
the  country  in  town  at  one  time  or  another,  because  they 
found  owing  to  the  seams  in  the  limestone,  a  blast  either  was 
not  effective  at  all  or  else  was  entirely  too  effective.  We 
started  to  patrol  to  a  certain  extent.  We  did  not  take  any 
extensive  precautions  until  a  6-inch  main  was  broken  in  3 
places  and  set  on  fire  and  a  charge  of  three  and  a  half  sticks  of 
dynamite  unexploded  lost  in  the  trench.  Then  we  decided  it 
was  about  time  to  take  some  notice.  We  put  on  inspectors, 
and  gave  each  inspector  2  sewer  gangs  to  cover.  These  in- 
spectors kept  in  very  close  touch  with  the  work  as  it  was 
going  on,  also  as  to  time  of  blasting.  They  arranged  between 
themselves  always  to  have  2  inspectors  where  their  districts 
touched,  meet  and  be  together  when  the  proposed  blastit^ 
was  about  to  be  done.  We  put  in  the  usual  bag  holes  and 
took  care  of  the  work  in  that  way.  In  some  instances  we 
found  it  necessary  to  run  temporary  mains  on  the  surface, 
abandoning  the  old  mains  entirely  and  making  temporary 
connections,  as  was  done  in  this  subway  work.  We  found 
that  where  the  sewer  trench  was  on  the  opposite  side  of  the 
street  from  the  main  location  it  did  not  lessen  the  danger  to 
any  great  degree,  because  where  the  blasting  was  done  under 
a  service,  it  usually  resulted  in  the  service  being  pulled  from 
the  main  and  the  main  broken.  We  found  the  quickest  way 
to  get  around  this  was  to  cut  the  services  on  either  side  of  the 
trench  and  hook  up  temporary  hose  connections  which  could 
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be  disconnected  while  the  blasting  was  being  done  and  then 
immediately  put  back.  The  consumers  were  not  out  of  gas 
over  lo  or  15  minutes  at  a  time.  This  work  lasted  for,  I 
should  say  about  a  year  and  a  half,  and  all  of  us  gained  a 
great  deal  of  valuable  experience  in  that  time,  and  we  were 
particularly  fortunate  to  be  able  to  go  through  that  period 
without  any  serious  damages  of  any  kind.  It  merely  illus- 
trates that  if  things  are  properly  handled  and  precautions 
taken,  which  are  not  necessarily  very  expensive,  you  can  ob- 
viate probably  a  good  deal  of  greater  expense  later, 

Mr.  W.  O.  Lamson,  Jr.  (West  Chester,  Pa.) :  In  reference 
to  Mr.  Forstall's  paper,  the  question  of  taxation  for  inspection 
of  mains  brings  home  to  us  a  subject  of  very  vital  importance, 
in  this  way,  that  if  the  gas  companies,  particularly  in  the 
smaller  places,  took  some  precautions  to  inspect  their  mains 
and  inspect  their  work,  the  taxation  would  less  likely  be  im- 
posed. I  do  not  agree  with  Mr.  Forstall  when  he  says  that  it 
is  always  done  as  a  means  of  revenue,  because  it  is  incumbent 
on  the  borough  or  the  city  to  show  some  inspection  for  their 
charge,  but  if  the  borough  or  the  city  is  already  charging  for 
a  permit  to  open  a  trench,  they  cannot,  of  course,  collect  the 
tax  without  showing  they  have  spent  time  and  money  to  make 
the  adequate  inspection  to  cover  the  charge.  However,  if 
the  companies  can  show  a  reasonable  inspection  of  their  work, 
of  both  underground  pipes  and  surface  work,  I  do  not  think 
it  would  be  as  likely  to  have  this  tax  imposed.  I  believe  it 
could  be  obviated  by  introducing  some  system  of  inspection 

The  Chairman:     Anything  further,  gentlemen? 

Mr.  H.  B.  Anderson  (Philadelphia) :  The  following  table 
shows  the  results  obtained  by  the  use  of  our  special  line 
walker  in  a  section  of  the  City  District  in  Philadelphia. 

The  line  walker  was  used  with  the  intention  of  discovering 
the  existence  of  gas  leaks  before  they  come  to  the  attention  of 
any  of  the  public,  thereby  making  it  possible  to  stop  the  leak 
before  any  damage  is  done  or  any  possibility  of  a  claim  can 
arise.     This  line  walker  patrols  his  route  every  day  in  day- 
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time,  during  weather  when  we  decide  that  there  isa  possibility 
of  leaks  due  to  frost.  We  have  followed  this  procedure 
for  theT>ast  4  winters  and  the  results  for  these  periods 
(shown  as  a  total)  will  speak  for  themselves. 

I  think  we  may  assume  in  about  50  per  cent,  of  the  cases, 
where  our  line  walker  reported  a  leak,  which  on  investigation 
proved  to  be  a  service  leak  or  a  broken  main,  that  unless  the 
line  walker  had  discovered  it,  there  would  have  been  every 
probability  of  the  escaping  gas  enterii^  a  house  and  a  great 
probability  of  someone  in  the  house  being  affected. 

Broken  Halo  Uouw 

Leakifouodon                                mains  joioli  semcea  Toul 

Line  walker's  reports 34  68  17  09 

All  other  reports J3  3a  47  112 

Total 67  100  74  141 

Percent,  reported  by  line  wftlker-.'    51  68  36  53 

Mr.  Walton  Forstall  (Philadelphia) :  It  would  seeni 
that  the  question  of  the  intelligent  apportioning  of  the  space 
in  the  streets  of  our  large  cities  is  well  worth  the  considera- 
tion of  the  various  Public  Service  Commissions.  My  thottght 
in  this  regard  is  that  often  a  public  service  cornpany  does 
not  get  the  hearing  from  the  city  authorities  in  a  mattter  of 
this  kind  that  would  be  accorded  to  a  representative  of  a 
Public  Service  Commission.  I  am  not  prepared  to  state 
that  a  Commission  should  be  given  mandatory  power  in  this 
r^ard,  because  I  am  a  great  believer  in  "Home  Rule"  for 
cities.  There  is  every  reason  to  believe  that  results  could  be 
accomplished  through  suggestion.  Taking  Philadelphia,  for 
instance:  If  the  New  Pennsylvania  Public  Service  Commis- 
sion should  call  the  attention  of  the  Philadelphia  Board  of 
Highway  Supervisors  to  the  one  fault  now  existing  in  its 
present  allotment  of  street  space,  namely,  that  the  city  struc- 
tures— water  pipe,  sewers  and  electrical  conduits — are  located 
by  the  respective  bureaus,  and  not  by  the  Board  of  Highway 
Supervisors,  the  Highway  Supervisors  would  be  quite  apt  to 
insist  that  the  city  structures  be  subjected  to  the  same  loca- 
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In  other  states,  the  Public  Service  Commissions  should,  as 
time  and  opportunity  offered,  persuade  their  large  cities  to 
adopt  some  such  method  as  that  used  by  Philadelphia.  The 
subject  is  of  great  importance,  because  there  is  overwhelming 
evidence  that  practically  the  only  reason  for  leaks  in  main.* 
laid  in  recent  years,  is  because  of  their  undermining  by  other 
structures.  As  in  a  majority  of  cases,  the  gas  company  is 
unable  to  prevent  the  location  of  other  structures  in  positions 
designated  by  the  city,  it  is  clearly  the  duty  of  the  latter  to 
recognize  its  responsibility  in  this  regard,  and  to  devise  a 
proper  system  for  the  allocation  of  underground  space.  After 
such  a  system  has  been  in  operation  for  some  time,  there  will 
be  less  chance  than  is  now  the  case  for  a  city  like  Detroit  to 
raise  the  question  of  proper  specifications  for  cast  iron,  where 
the  city  authorities  had  wrongly  ascribed  many  street  leaks  of 
January  and  February,  1912,  to  weak  material,  instead  of  to 
the  influence  of  abnormal  weather  upon  mains  whose  support 
had  been  weakened  by  undermining.  Our  Philadelphia  ex- 
perience during  this  extreme  weather  is  conclusive  evidence 
of  the  practical  immunity  from  leaks  of  modem  cast  iron 
pipe  on  good  foundations.  We  had  302  breaks  in  550  miles 
of  mains  laid  by  the  city,  and  only  19  breaks  in  practically 
the  same  mileage  laid  by  this  company.  One  of  the  principal 
reasons  for  the  great  number  of  breaks  in  the  city  mains  was 
that  they  had  been  laid  on  poorly  filled  ground.  Had  the  city 
insisted  on  a  proper  compacting  of  the  fill,  or  given  the  mains 
a  secure  foundation  in  any  other  way,  both  the  company  and 
the  citizens  would  have  been  relieved  from  a  good  many 
disagreeable  experiences  last  year.  Of  course,  all  of  these 
experiences,  were,  from  the  newspaper  standpoint,  charge- 
able to  the  present  company. 

In  view  of  the  above  facts,  I  think  that  all  of  us  should  do 
what  we  can  to  impress  upon  our  city  authorities  the  vital 
importance  of  allowing  our  structures  the  undisturbed  posses- 
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sion  of  as  much  sub-surface  territory  as  is  required  for  firm 
foundation.  An  illustration  of  one  of  the  results  of  such  un- 
disturbed possession  is,  I  believe,  afforded  by  the  fact  that  in 
Philadelphia  we  have  for  years  been  practically  free  from  any 
explosions  in  manholes  or  conduits,  caused  by  illuminating 
gas. 

Mr.  E.  C.  Jones  (San  Francisco) :  Any  Eastern  gas  com- 
pany which  is  allotted  a  location  for  its  mains  may  consider  it- 
self extremely  fortunate  in  these  days  when  gas  companies  are 
regulated  by  municipalities  or  by  State  Commissions.  There 
should  be  protection  as  well  as  regulation,  but  unfortunately 
our  business  is  in  a  transitory  stage  and  we  are  not  quite  in 
a  position  to  ask  or  demand  the  protection  of  our  mains.  It 
seems  in  our  Western  cities  to-day  as  though  a  franchise  meant 
nothing,  although  you  pay  taxes  on  it.  A  short  time  ago  the 
City  of  San  Francisco  decided  to  put  in  a  salt  water  fire  system 
for  obvious  reasons,  and  in  laying  the  pipes  through  the  streets 
of  San  Francisco  they  required  us  to  raise,  lower  and  entirely 
remove  gas  mains  without  compensation.  I  remember  years 
ago  a  water  company  in  California  having  all  its  cast  iron 
specials  made  with  wings  cast  on  the  bells  in  order  to  keep 
its  neighbors  at  least  18  inches  away  from  it.  Those  good  old 
days  have  gone  by,  and  I  think  that  we  as  members  of  the  In- 
stitute should  exert  ourselves  to  bring  pressure  to  bear  on 
Commissions  and  regulating  bodies  to  give  us  protection  to 
our  mains.  We  are  certainly  large  tax  payers  in  any  com- 
munity, and  as  tax  payers  I  believe  we  have  our  rights. 

Mr.  a.  M.  Barnes:  I  should  like  to  ask  Mr.  Forstall  a 
few  questions  in  regard  to  the  2  papers  that  he  read.  If  I 
understood  him  correctly,  in  some  towns  or  cities  in  Pennsyl- 
vania, they  have  the  police  patrol  the  street  main  system  of 
the  gas  company  and  charge  that  up  to  the  gas  companies  as 
an  expense.     Am  I  right?    Did  I  understand  you  correctly? 

Mr.  Walton  Forstall:  Mr.  Chairman,  as  I  understand 
the  situation  in  at  least  2  if  not  more  cities  of  Pennsylvania, 
it  has  been  held  that  the  city  has  a  right,  in  the  exercise  of  its 
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police  power,  to  charge  so  much  per  mile  per  year  for  the 
inspection  of  the  gas  mains  by  the  police  force. 

Mr.  a.  M.  Barnes:  That  is  what  I  understood  you  to  say, 
and  I  was  wondering  how  far  that  could  be  set  up  in  defence 
by  the  company  in  case  of  their  being  sued  for  damages.  If 
the  city  undertakes  to  patrol  the  gas  system  and  notify  the 
^s  company  of  a  leak,  is  not  the  gas  company  entitled  to  wait 
until  they  hear  from  the  city  that  a  leak  exists,  and  in  that 
case  would  they  be  likely  to  be  held  responsible  by  the  courts 
of  Pennsylvania  for  any  damages  resulting?  If  that  would 
relieve  the  company  of  a  charge  of  neglect,  it  seems  to  me  that 
it  might  be  a  pretty  good  way  to  handle  the  matter.  Let  the 
city  patrol  the  system  and  pay  that  expense  rather  than  pay 
damages. 

Another  question  I  should  like  to  ask :  He  mentioned  302 
leaks  in  the  mains  located  by  the  City  of  Philadelphia  when 
the  city  had  charge  of  the  gas  supply,  and  only  19  in  pipes  of 
similar  length  under  the  new  management.  It  might  be  of 
interest  to  know  how  long  the  pipes  had  been  in  the  ground, 
and  whether  or  not  (hat  had  any  effect  or  bearing  on  the 
question. 

I  should  like  to  say  to  Mr.  Jones  of  California  that  we  in  the 
East  do  not  enjoy  any  greater  facilities  or  powers  as  regards 
the  location  of  our  pipes  at  the  request  of  the  cities  at  any 
time  and  without  charge.  We  are  given  the  location,  but  if 
the  city  comes  along  with  a  sewer  or  the  water  board  with  a 
new  main,  we  have  to  get  out  of  the  way.  They  give  us  an- 
other location,  but  we  have  to  change,  at  our  expense. 

Mr.  Walton  Forstall:  Mr.  Chairman,  answering  Mr. 
Barnes,  I  don't  know  that  the  courts  have  ever  decided  on  the 
point  he  raised.  I  think  the  average  gas  company  would  be 
rather  averse  to  a  situation  where,  if  an  accident  occurred, 
they  would  go  into  court  and  say,  all  the  responsibility  for  our 
gas  mains  has  been  taken  away  from  us  and  you  must  look  to 
the  city.  I  think  that  public  opinion  would  not  stand  back  of 
the  gas  company,  although,  of  course  it  should ;  but  I  will  say 
76 
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this,  that  I  know  one  town  in  Pennsylvania  in  which  a  very 
enterprising  superintendent  told  the  City  Council,  "If  you  pass 
this  ordinance  and  charge  our  company  for  inspection  we  will 
hold  you  responsible  for  all  the  accidents,"  and  the  City  Coun- 
cil backed  down.  That  is  the  way  he  got  out  of  it.  As  to 
the  age  of  the  pipes,  of  course,  the  pipes  that  were  laid  by 
the  City  of  Philadelphia  were  very  much  older  and  smaller 
than  the  pipes  we  laid,  but  I  have  seen  no  evidence  in  the  150 
miles  of  mains  we  have  taken  out  that  the  pipes  have  been 
sufficiently  corroded  to  be  weakened.  I  think  the  2  and  3-inch 
mains  are  just  as  strong  to-day  as  they  were  when  they  were 
first  laid. 

Mr.  J.  D.  VON  Maur  (St.  Louis):  In  answer  to  Mr. 
Barnes's  question,  I  think  the  answer  is  very  clear.  We 
could  simply  hold  they  were  acting  as  the  gas  company's  agent. 

Mr.  M.  H.  Spear  (Flushing,  N.  Y.) :  Speakmg  for  a 
small  company  having  about  100  miles  of  mains,  I  have  never 
seen  the  necessity  of  having  a  constant  patrol  system.  If  the 
city  lays  a  sewer  or  water  main  and  our  gas  main  is  in  the 
way,  we  have  to  remove  it  at  our  expense.  In  private  con- 
tracts such  as  telephone  or  electric  light  conduits  they  have  to 
pay  us  for  removing  our  main.  In  either  case  as  soon  as  they 
expose  our  main  we  put  an  inspector  on  the  job  to  see  that 
our  mains  our  properly  taken  care  of. 

The  Chairman  :  If  it  meets  with  your  approval  and  there 
is  no  further  discussion  on  the  papers,  I  will  ask  Mr.  Forstall 
to  close  the  discussion  on  Mr,  Simpson's  paper  which  he 
presented. 

Mr.  Walton  Fobstall:  It  is  pretty  hard  to  close  a  dis- 
cussion on  another  man's  paper,  and  I  do  not  believe  there  is 
much  to  be  said.  Mr.  Simpson  was  describing  conditions  in 
New  York.  I  do  not  think  Mr.  Simpson  jn  any  way  wanted 
to  say  that  other  people  should  do  what  New  York  does.  I 
think  Mr.  Simpson  and  I  both  agree  that  the  small  company 
should  do  whatever  is  necessary,  and  that  may  mean  nothing 
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in  some  cases.     It  does  not  necessarily  mean  a  continuous 
system  of  inspection. 

The  Chaibman  :  Now,  we  will  listen  to  Mr.  Gould. 
Mh.  J,  A.  Gould  (Boston) :  I  agree  so  thoroughly  with 
what  has  been  said,  that  further  remarks  are  unnecessary  at 
this  time,  and  I  think  my  unabstracted  paper  covers  some  of 
the  points  mentioned  by  the  speakers.  About  this  inspection 
business,  I  do  not  think  it  necessary  for  a  gas  company  to 
make  a  daily  patrol  of  all  the  streets  in  which  its  mains  are 
laid.  I  think  it  is  an  unnecessary  waste  of  time.  In  our  city 
we  receive  a  daily  report  from  the  permit  office  at  City  Hall 
of  all  permits  issued  for  street  openings,  and  these  are  given 
to  our  local  inspectors  covering  the  several  districts.  In  this 
way  our  men  are  in  touch  with  any  operation  that  may  affect 
the  safety  of  our  pipe,  and  their  time  is  not  wasted  in  patrolling 
streets  where  we  have  no  trouble  and  are  not  liable  to  have 
any.  We  have  special  inspectors  assigned  to  special  jobs.  At 
present  the  3  subways  now  building  are  each  covered  by  a 
day  and  a  night  inspector.  I  believe  in  concentrating  inspec- 
tion when  there  is  something  special  to  inspect  and  not  waste 
energy  in  looking  for  trouble  where  none  is  probable.  Neither 
do  I  believe  it  necessary  to  uncover  all  your  mains  and  services 
for  examination  when  a  street  is  to  be  repaved.  A  careful 
barring  should  be  sufficient  unless  we  wish  to  trace  out  com- 
plications in  the  pipii^,  due  to  duplicates  originally  laid  by 
competing  companies.  I  think  this  scheme  of  Mr.  von  Maur's 
for  getting  around  congested  corners  is  a  feasible  one,  and  in 
fact  has  to  be  done  in  a  few  cases  in  our  city. 

Mr.  M.  H.  Spear:  May  I  ask  Mr.  von  Maur  if  that 
scheme  of  his  does  not  interfere  with  the  catch  basins  on  the 
comers? 

Mr.  J.  D.  VON  Maur:  Sometimes  it  does  and  sometimes  it 
does  not,  but  where  we  have  complicated  intersections  to  deal 
with  it  will  be  found  that  the  method  described  is  by  far  the 
lesser  of  two  evils. 

The  Chairman:     We  have  just  learned  that  Mr.  Whit- 
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taker,  who  is  to  present  the  next  paper,  is  busy  engaged  in  a 
discussion  in  the  other  room,  section  A.,  so  if  it  is  agreeable 
to  Mr.  P.  H.  Millar  we  will  ask  him  to  present  the  paper 
entitled,  "A  Portable  Electric  Photometrical  Standard,  Its 
Construction  and  Use,"  prepared  by  Dr.  C,  H.  Sharp  and  Mr. 
A.  H.  Schaaf. 

Mr.  P.  H.  Millar  (New  York  City)  then  read  paper  on 
above  subject. 

A  PORTABLE  ELECTRIC  PHOTOMETRICAL  STAND- 
ARD, ITS  CONSTRUCTION  AND  USE. 

Abattact — In  spite  of  the  difficulties  inherent  in  the  use  of  flame 
standards,  they  have  been  used  exclusively  for  gas  photometry  because 
they  are  affected  by  atmospheric  conditions,  in  a  manner  similar  to  the 
gas.  This  is  not  the  case  with  electric  standards.  An  electric  standard, 
however,  has  the  advantage  of  immediately  assuming  its  designated 
candle-power  without  waste  of  time  in  preliminary  work.  It  is  advis- 
able, however,  to  allow  S  minutes  for  heating  and  it  is.  moreover, 
cheaper  than  either  candles  or  pentane,  and  errors  due  to  the  standard 
itself  are  practically  eliminated  It  is  proposed  here  to  show  how 
difficulties  caused  by  variations  of  humidity  in  connection  with  the 
electric  lamp  can  be  eliminated. 

The  standard  described  is  a  tungsten  lamp  of  suitable  candle-power 
supplied  by  a  storage  battery.  By  using  low  voltage,  the  number  of 
coils  is  reduced  to  a  minimum.  The  apparatus  depends  upon  the 
important  quality  of  tungsten  to  change  its  electrical  resistance  rap- 
idly with  change  in  current,  so  that  if  a  lamp  forms  one  arm  of  a 
Wheatstone  bridge  and  the  bridge  is  in  balance  when  the  lamp  is  giv- 
ing its  exact  candle-power,  the  only  adjustment  necessary  to  bring  the 
lamp  to  its  standard  condition  is  to  move  the  rheostat  until  the  deflec- 
tion of  the  galvanometer  is  zero.  The  whole  operation  requires  but  a 
moment's  time  and  can  be  performed  by  a  person  entirely  unskilled  in 
instrument  work. 

The  lamp  is  operated  at  4  volts  and  i  ampere,  and  at  2  watts  per 
candle.  The  life  at  this  low  efficiency  is  practically  indefinite,  and 
hence  variability  of  candle-power  with  age  is  almost  negligible.  The 
measuring  apparatus  consists  of  2  rheostats  for  coarse  and  tine  adjust- 
ments respectively.  The  battery  is  a  6-volt  portable  storage  battery 
with  capacity  enough  to  supply  the  standard  for  40  hours.  A  telephone 
receiver  in  series  with  a  current  interrupter  may  be  used  instead  of 
the  galvanometer. 

To  introduce  the  atmospheric  changes,  it  has  been  found  very  con- 
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venient  to  change  the  value  of  the  lamp,  while  in  actuality  the  caodle- 
power  of  the  lamp  remains  constant. 

Since  the  electric  lamp  is  not  affected  by  changes  in  barometric 
pressure  the  value  of  the  lamp  fqr  a  2  candle-power  unit  would  be: 

C.  P.  =  2  (I  +  ox»s67  (<  —8)  ; 
where  f  equals  the  number  of  liters  of  water  vapor  present. 

A  number  of  tests  was  made  to  determine  the  reliability  of  the 
standard  as  compared  with  the  pentane  lamp,  which  showed  an  aver- 
age disagreement  of  ^  per  cent.,  with  a  maximum  deviation  of  I.3 
per  cent. 

Pakt  I. 

BY  CLAYTON  H.  SHARP. 

The  use  of  electric  standards  of  candle-power  has  ordinarily 
been  associated  with  the  installation  of  apparatus  which  is 
very  expensive  to  purchase  and  very  difficult  for  any  but  a 
man  trained  in  electrical  laboratory  work  to  use.  It  has  usually 
been  considered  that  a  good  sized  storage  battery  of  60  or  70 
cells  is  required  for  the  operation  of  an  electric  standard  lamp, 
that  one  or  more  instruments  of  precision  are  needed  for  the 
control  of  the  electrical  conditions,  that  charging  arrangements 
must  be  provided,  wires  must  be  run,  rheostats  installed,  and 
in  short  an  extensive  fixed  equipment  supplied.  These  con- 
siderations have  undoubtedly  restricted  the  use  of  electrical 
standards  of  light  in  many  cases.  Especially  to  those  operating 
gas  plants,  the  above  objections  to  the  electric  standards  would 
in  most  cases  prohibit  their  use,  even  if  gas  engineers  were 
favorably  disposed  toward  them.  As  a  matter  of  fact,  electric 
standards  have  been  considered  as  practically  inapplicable  to 
the  photometry  of  gas  for  the  reason  that  the  electrical  stand- 
ard is  not  subject  to  changes  in  its  candle-power  due  to  atmos- 
pheric conditions,  as  are  the  flame  standards  and  the  gas  which 
is  being  photometered.  The  photometry  of  gas  therefore  has 
been  universally  carried  out  by  the  use  of  flame  standards: 
candles,  and  more  recently,  the  10  candle-power  pentane  lamp. 

Much  has  been  written  of  the  unreliability  of  candles  in 
photometry.    Many  gas  men  do  not  agree  with  a  good  many 
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such  statements  for  the  very  good  reason  that  their  long  expe- 
rience in  the  use  of  candles  has  developed  in  them  such  an 
extraordinary  d^ree  of  skill  that  they  are  able  to  get  surpris- 
ingly good  results.  It  cannot  be  denied,  however,  that  both 
candles  and  the  pentane  lamp  are  in  certain  respects  greatly 
at  a  disadvantage  by  comparison  with  electric  standards.  An 
electric  standard  can  be  brought  to  its  designated  candle-power 
almost  instantly  after  throwing  a  switch,  and  this  can  be  done 
with  the  simplest  of  adjustments.  The  use  of  either  candles 
or  pentane  lamp,  on  the  other  hand,  involves  wasting  a  great 
deal  of  time  in  preliminary  work,  and  a  determination  using 
candles  or  the  pentane  lamp.  Is  a  much  more  lengthy  affair 
than  one  where  an  electric  standard  is  used.  Mo.'eover,  the 
expense  of  candles  and  of  pentane  lamps,  when  they  are  used 
continuously,  is  a  considerable  item  in  the  day's  work,  whereas 
the  expense  of  operating  an  electric  standard  is  almost  n^- 
ligible.  The  accuracy  and  reproducibility  of  the  results  in 
the  case  of  the  electric  standard  are  so  much  superior  to  the 
corresponding  qualities  in  the  candles  and  pentane  lamp,  that 
it  is  difficult  to  make  a  comparison. 

The  proper  use  of  an  electric  standard  means  that  errors 
due  to  the  standard  itself  are  practically  eliminated,  whereas 
with  flame  standards  there  is  always  the  disturbing  doubt  as 
to  whether  the  standard  might  not  have  been  for  some  reason 
slightly  abnormal  in  its  luminous  intensity.  The  real  argu- 
ments against  the  electric  standard  are  that  its  first  cost  is 
high,  its  operation  not  simple  and  the  fact  that  it  is  uninflu- 
enced by  atmospheric  conditions,  as  the  flame  standard  is. 
Apart  from  these  considerations  a  companion  of  electric  and 
flame  standards  shows  all  the  advantages  to  be  on  the  side  of 
the  electric  standard.  It  is  proposed  here  to  show  how  these 
remaining  difficulties  with  the  electric  standard  as  applied  to 
gas  photometry  can  be  obviated. 

Taking  first  the  non-variability  with  atmospheric  conditions. 
It  is  this  most  valuable  characteristic  of  the  electric  standard 
which  has  enabled  photometrists  to  determine  the  variability 
of  flame  standards  with  atmospheric  conditions.     The  chief 
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variability  is  due  to  the  amount  of  water  vapor  contained  in 
the  air.  By  comparison  with  electric  standards  it  has  been 
shown  that  the  light  of  the  pentane  lamp  varies  by  approxi- 
mately 0.6  per  cent,  per  liter  of  water  vapor  per  cubic  meter 
of  dry  air,  going  above  or  below  8  liters  per  cubic  meter  as  the 
standard  condition.  The  lamp  varies  also  with  the  barometric 
height,  but  this  variation  is  for  any  given  locality  a  rather 
small  one.  It  varies  also  with  the  amount  of  carbon  dioxide 
'  in  the  air,  but  this  variation  can  be  eliminated  by  suitable 
ventilation  of  the  photometer  room.  If  a  gas  flame  is  pho- 
tometered  against  both  an  electric  standard  and  a  pentane 
lamp  in  an  atmosphere  containii^  8  liters  of  water  per  cubic 
meter  of  dry  air,  the  results  of  both  the  photometric  operations 
should  agree.  If  the  vapor  content  of  the  air  is  increased,  the 
candle-power  of  both  the  pentane  lamp  and  of  the  gas  will 
decrease  in  approximately  the  same  ratio.  Therefore  the  pen- 
tane lamp  will  show  the  gas  to  have  the  same  candle-power  as 
if  the  measurements  were  carried  out  under  the  standard  con- 
dition of  8  liters  per  cubic  meter.  If,  however,  the  electric 
standard  is  used  when  the  vapor  content  is  higher,  the  candle- 
power  of  the  gas  is  shown  to  be  lower.  Suppose,  however, 
that  the  amount  of  water  vapor  in  the  air  is  determined  at 
the  time  the  measurement  is  made  with  the  electric  stand- 
ard (and  this  determination  is  a  very  simple  one  to  make), 
then  the  vapor  corrections  can  be  applied  to  the  electric  stand- 
ard itself  and  this  will  reduce  its  indications  to  the  indications 
of  a  pentane  lamp  under  those  conditions.  That  is,  suppose 
the  amount  of  water  vapor  is  such  as  to  diminish  the  candle- 
power  of  the  pentane  lamp  and  of  the  gas  by  2  per  cent.  Then 
if  the  candle-power  of  the  gas  is  taken  against  the  electric 
standard,  the  measured  candle-power  needs  to  be  increased  by 
2  per  cent,  to  give  the  true  candle-power  of  the  gas  as  meas- 
ured against  the  pentane  lamp.  By  an  observation  of  the  dry 
and  wet  bulb  thermometers,  the  amount  of  water  vapor  is 
readily  determined,  and  this  correction  can  be  obtained  with- 
out any  difficulty.  Therefore,  as  far  as  the  humidity  correc- 
tion is  concerned,  the  electric  standard  can  be  used  in  the 
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photometry  of  gas  to  give  the  same  results  that  the  pentane 
lamp  would  give  under  any  and  all  atmospheric  conditions. 

It  remains  to  describe  an  apparatus  which  has  recently  been 
constructed  for  use  in  gas  works,  which  obviates  the  conven- 
tional difficulties  of  the  electric  standard.    The  apparatus  is 


founded  on  the  availability  at  the  present  time  of  tungsten 
lamps  of  suitable  candle-power  and  of  low  voltage.  By  using 
a  low  volt^e  lamp,  the  number  of  cells  required  to  furnish  the 
current  is  reduced  to  a  minimimi.  The  apparatus  depends 
further  upon  the  important  quality  of  tungsten  to  change  its 
electrical  resistance  very  rapidly  with  the  change  in  the  current 
passing  through  the  filament.  Therefore  if  a  lamp  is  made 
one  arm  of  a  Wheatstone  bridge,  and  the  bridge  is  so  adjusted 
that  it  is  in  balance  when  the  lamp  is  giving  its  exact  candle- 
power,  the  only  adjustment  necessary  to  bring  the  lamp  to  a 
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standard  condition  is  to  move  the  rheostat  until  the  deflection 
of  a  galvanometer  is  reduced  to  zero.  This  is  an  operation 
so  simple  that  it  can  be  performed  even  by  any  laborer.  A 
diagram  showing  the  electrical  connections  is  shown  in  Fig.  i. 
The  battery  B  delivers  current  through  the  adjustable  rheostat 
K  to  the  Wheatstone  bridge  arrangement,  consisting  of  the 
fixed  resistance  A,  C  and  D,  of  the  lamp  L  and  of  the  short 
slide  wire  S.  The  galvanometer  G  is  connected  from  the 
junction  of  A  and  C  to  a  sliding  contact  S.  In  calibrating  the 
standard,  the  lamp  is  placed  on  the  photometer  bar  and  the 
current  is  adjusted  by  R  until  it  gives  exactly  the  required 
2  candle-power.  The  contact  of  the  galvanometer  wire  on  S  is 
then  moved  to  such  a  point  that  the  galvanometer  deflection  is 
zero,  and  the  point  on  the  slide  wire  is  noted  on  a  divided 
scale  to  which  the  slide  wire  is  attached.  If  it  is  desired  to 
standardize  more  than  one  lamp,  a  separate  point  on  the  slide 
wire  is  determined  for  each  lamp.  A  lamp  is  then  brought  to 
its  standard  candle-power  by  placing  the  contact  on  the  slide 
wire  at  the  proper  point  and  by  adjusting  the  current  until  the 
galvanometer  deflection  becomes  zero.  This  operation  is  one 
which  requires  only  a  moment's  time.  If  the  galvanometer 
has  a  suitable  sensibility,  it  is  not  necessary  that  the  zero 
adjustment  should  be  made  with  any  very  high  d^jee  of  pre- 
cision. Therefore  it  is  an  operation  which  a  person  entirely 
unskilled  in  instrument  work  can  carry  out  successfully. 

The  lamp  used  is  of  tungsten  filament  and  of  such  a  rating 
that  when  giving  2  candle-power  its  color  is  the  same  as  the 
color  of  a  gas  flame.  Therefore  difficulties  in  photometry  due 
to  color  differences  are  entirely  eliminated. 

The  lamp  is  operated  at  4  volts  with  i  ampere  of  current, 
and  therefore  at  2  watts  per  candle.  The  life  of  a  tungsten 
at  this  low  operating  efficiency  is  almost  indefinite.  Hence 
variability  in  candle-power  with  age  is  very  little  to  be  feared. 
The  lamp  is  a  special  one,  having  no  supporting  anchors  to 
disturb  thermal  conditions.  The  bulb  is  of  small  size  and 
the  base  is  the  regular  Edison  screw  base. 

The  measuring  apparatus  is  mounted  on  a  wooden  base  and 
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(.onsists  of  2  rheostats,  one  for  the  coarse  adjustment  and  one 
for  the  fine  adjustment;  of  the  resistance  coils,  which  are 
enclosed  in  a  box ;  and  of  a  pointer  galvanometer.  The  battery 
is  a  6-volt  portable  storage  battery,  such  as  is  used  for  lighting 
and  ignition  purposes  on  automobiles.  It  iS  readily  carried 
to  any  required  location  for  charging.  Its  capacity  is  40 
ampere-hours ;  that  is,  when  operating  at  full  capacity,  one 


charge  should  serve  to  burn  the  standard  lamp  for  40  hours. 
Batteries  of  this  character  offer  no  difficulties  in  maintenance 
or  use  and  require  no  special  installation  facilities.  Connec- 
tion to  the  battery  is  niade  from  an  ordinary  flexible  lamp 
cord,  and  the  battery  itself  is  placed  underneath  the  table. 
Instead  of  a  storage  battery,  a  battery  of  dry  cells  might  be 
used. 

The  arrangement  of  the  measuring  parts  is  shown  more 
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clearly  in  Fig.  2,  in  which  the  box  covering  the  coils  and  keys 
has  been  removed.  In  this  %ure  the  slide  wire  S  of  Fig.  i 
is  wrapped  around  the  circular  disc  at  the  top  of  the  box.  The 
galvanometer  contact  to  this  wire  is  carried  on  an  arm  which 
can  be  rotated  about  the  disc  and  can  be  clamped  in  position 
by  means  of  the  thumb-screw ;  all  as  shown.  The  disc  is 
graduated  in  degrees.  The  resistance  coils  A,  C  and  D  which 
are  wound  of  manganin  wire  of  zero  temperature  coefBcient 
and  carefully  seasoned,  are  affixed  to  flat  supports  and  are 
seen  in  the  diagram.  The  galvanometer  key  is  of  the  circular 
pattern  and  has  its  knob  projecting  above  the  box  cover. 

The  apparatus  described,  being  somewhat  of  an  experimental 
nature,  was  equipped  with  two  methods  of  detecting  the  bal- 
ance of  the  bridge.  One  of  these  is  the  galvanometer  to  which 
reference  has  already  been  made.  The  other  is  a  simple  tele- 
phone receiver  which  is  placed  in  series  with  a  current  inter- 
rupter. The  telephone  receiver  is  placed  to  the  ear  and  the 
interrupter,  which  is  seen  in  Fig.  2  just  above  the  galvanometer 
key,  is  rotated.  If  the  bridge  is  out  of  balance,  a  faint  ticking 
is  heard  in  the  receiver,  which  ceases  entirely  when  balance 
has  been  obtained.  In  practice  it  has  been  found  that  the 
telephone  receiver  is  a  sufficiently  sensitive  substitute  for  the 
galvanometer,  so  that  the  standard  can  be  set  with  all  required 
accuracy.  It  suffers  from  the  disadvantage,  however,  that  it 
is  impossible  to  tell  by  the  sound  whether  the  current  is  too 
large  or  too  small.  This  difficulty  disappears  with  a  little  prac- 
tice in  the  use  of  the  apparatus,  whereby  the  operator  finds  at 
about  what  point  the  rheostat  should  be  set  to  produce  proper 
conditions.  Another  disadvantage  is  that  the  sound  may  be 
difficult  to  hear  in  a  noisy  place.  The  only  excuse  for  the  use 
of  a  telephone  receiver  is  that  it  is  considerably  less  expensive 
than  the  galvanometer,  and  its  use  cheapens  the  cost  of  the 
equipment.  Using  the  galvanometer,  deflection  to  the  right 
or  to  the  left  shows  whether  the  current  is  too  large  or  too 
small.  The  key  of  the  galvanometer  is  so  arranged  that  when 
depressed  part  way,  a  resistance  is  placed  in  series  with  the 
galvanometer,  so  that  the  deflections  are  not  too  great  or  too 
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violent.  When  it  has  been  shown  that  the  adjustment  of  the 
bridge  is  nearly  right,  the  key  may  be  depressed  all  the  way 
down  and  this  resistance  cut  out,  whereby  the  full  sensibility 
of  the  galvanometer  is  realized.  The  sensibility  is  that  a 
deflection  of  lo  scale  divisions  correspond  to  a  change  in 
candle-power  of  1.6  per  cent.  Since  it  is  very  easy  to  adjust 
to  within  a  single  scale  division,  the  accuracy  of  the  setting  is 
much  greater  than  the  photometric  accuracy. 

This  set  was  supplied  with  four  standard  lamps  and  has 
been  used  by  a  gas  company  in  the  hourly  control  of  its  output. 
There  being  four  lamps,  it  is  possible  to  check  one  against  the 
other,  and  thus  to  detect  any  variation  on  the  part  of  an  indi- 
vidual lamp.  As  to  the  results  obtained  in  the  practical  use  of 
the  apparatus,  the  gas  engineer  is  better  qualified  than  anyone 
else  to  write.  The  usefulness  of  this  standard  in  checking 
portable  photometers  is  obvious. 

Part  II. 

BY  A.    H.   SCHAAP. 

Considerable  difficulty  has  been  encountered  by  gas  engi- 
neers in  deciding  on  a  universal  gas  standard  and  thus  far 
they  have  failed  to  arrive  at  any  definite  conclusion.  This  is 
undoubtedly  due  to  the  fact  that  the  present  flame  standards 
lack  accuracy  and  reproducibility,  or  else  are  too  sensitive  to 
draughts  and  vibrations.  It  is  generally  known  that  the  so- 
called  standard  candles  are  in  error  by  about  5  per  cent 
(average),  and  that  they  do  not  fulfil  any  part  of  the  old 
specifications  of  the  London  Gas  Referees.  Since  the  adoption 
of  the  pentane  lamp  in  1898,  candles  have  been  sold  entirely  on 
the  merits  of  the  manufacturer.  This  may,  therefore,  account 
for  some  of  the  error.  The  development  of  the  pentane  lamp 
has  undoubtedly  been  a  great  stride  in  the  way  of  a  gas  stand- 
ard, but  it  is  not  entirely  satisfactory  as  it  is  too  sensitive  to 
draughts  and  vibrations,  and  the  cost  of  maintenance  too  high 
for  a  works  control  standard. 

Flame  standards  have  been  used  exclusively  for  the  pho- 
tometry of  gas,  due  to  the  fact  that  they  are  affected  by  the 


D.gnzed  by  Google 


333 

atmospheric  humidity,  and  as  the  electric  lamp  is  not  so 
affected  it  has  been  practically  abandoned  for  this  purpose. 
There  is  no  reason,  however,  why  the  electric  lamp  when  cor- 
rected should  not  give  results  that  are  more  accurate  and  con- 
sistent than  those  obtained  by  the  use  of  flame  standards. 


Pholt^raph  No.  i , 

By  correcting  for  humidity  as  will  be  described  in  this  paper 
we  have  without  a  doubt  a  standard  that  has  proven  itself  a 
worthy  competitor  of  flame  standards. 

The  electric  standard  shown  in  phott^raph  No.   i  is  very 
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compact  and  can  readily  be  mounted  on  any  gas  photometer. 
This  instrument  does  not  require  the  attention  of  two  obser- 
vers, as  the  current  when  adjusted  carefully  will  remain  so 
for  the  lo  minutes  of  the  test.     It  is  advisable,  however,  to 


Photograph  No.  i, 

check  the  current  after  each  reading  as  slight  changes  have 
been  observed  when  the  battery  charge  is  low  This  standard 
was  designed  by  Dr.  C.  H.  Sharp  of  the  Electrical  Testing 
Laboratories. 

Photograph  No.  2  shows  the  electric  standard  mounted. 
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The  Humidity  Correction. 

The  humidity  correction  has  been  based  on  the  formula 
recommended  by  the  Bureau  of  Standards  for  the  correction 
of  the  pentane  lamp : 

1  =  1,  (i  — 0.00567  ((!  — 8)  +0.0006  (d  — 760)  ). 
Where  I  is  the  measured  candle-power  in  international  candles 
under  given  atmospheric  conditions;  I,  is  the  value  of  the 
lamp  under  standard  conditions,  that  is,  8  liters  of  water  vapor 
per  cubic  meter  of  dry  air  and  a  barometric  pressure  of  760 
millimeters ;  ^  is  the  number  of  liters  of  water  vapor  and  b  is 
the  barometric  pressure  in  millimeters.  In  using  the  lamp 
uncorrected  for  humidity  the  formula  becomes: 
1  =  1,  <i  +0.0006  (*-  760)  ). 

In  order  to  have  the  results  of  the  electric  lamp  agree  with 
those  of  the  pentane  the  result  must  be  changed  0.567  per  cent, 
for  each  liter  of  water  vapor  above  or  below  8,  It  has  been 
found  very  convenient  to  consider  the  value  of  the  electric 
lamp  to  vary  rather  than  to  make  an  additional  correction  at 
the  end  of  the  test.  Example :  If  the  readti^  of  the  hygrom- 
eter are  15°  C.  (wet  bulb),  20°  C.  (dry  bulb),  and  a  barometer 
of  765  millimeters. 

Note. — Wet  and  dry  bulb  readings  were  obtained  by  means 
of  an  ordinary  sling  barometer.  From  Table  140  of  the 
Smithsonian  Physical  Tables,  the  vapor  pressure  for  the  given 
temperatures  of  the  wet  and  dry  bulbs  is  10.15  niillimeters. 
The  barometric  correction  as  given  on  the  top  of  Tabic  140 
may  be  omitted  as  it  does  not  affect  the  result  sufficiently  to 
warrant  correction.    For  the  above  vapor  pressure  we  would 

obtain  --  ■■  -'—-- X  1,000  ^  13.54  liters  of  water  vapor  per 

760—  10.15  »~    i- 

cubic  meter  of  dry  air.     Therefore,  the  electric  lamp  which 

normally  has  a  value  of  2  candle-power  would  have  under  the 

above  conditions  a  value  of:  (13.5  —  8)  X  0.567  =  3.30  per 

(=0.6) 

cent,  change;  2  (i  -|-  OJD33)  ^  2.066  candle-power. 
By  constructing  a  curve  sheet  as  shown  by  photograph  num- 
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ber  4,  considerable  calculating  will  be  avoided  and  the  per- 
centage change  for  the  electric  lamp  can  be  determined 
immediately  from  the  readings  of  the  wet  and  dry  bulb 
thermometers. 


Photograph  No.  4,     Humidity  Curve. 

Using  the  preceding  values  of  t,  ^  15°  C.  and  (  =;  20°  C, 
((  —  *i)  =  5.  On  the  right  of  the  curve  sheet  appears  the 
temperature  of  the  wet  bulb,  and  at  the  bottom  the  values  for 
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(*  —  f,).  Now,  using  (t  —  (,  ^  5  and  going  vertically 
upward  to  the  wet  bulb  line  15  and  then  going  over  horizontally 
to  the  left  the  per  cent,  change  in  candle-power  is  obtained, 
which  is  equal  to,  in  this  case,  3.3  per  cent.,  the  same  as  the 
calculated  value. 

The  humidity  curves  were  calculated  for  a  mean  barometer 
of  760  millimeters.  At  places  where  the  mean  barometer  is 
different  the  same  method  may  be  employed. 

From  the  foHowii^  comparisons  the  efficiency  of  the  stand- 
ard may  be  judged.  The  lamps  used  in  the  electrical  standard 
were  standardized  by  the  Electrical  Testing  Laboratories,  and 
the  pentane  lamp  was  standardized  by  the  Bureau  of  Stand- 
ards. The  comparisons  of  Set  i  were  made  by  the  author,  and 
these  tests  include  a  targe  variation  in  atmospheric  humidity. 
Set  j. 


The   comparisons   below 

re   made   by 

the   substitution 

method: 

Pentaae 

Electric  standard 

24-48 

24.32 

22.63 

22.61 

22.93 

23.11 

22.40 

22.40 

23.06 

22.80 

2398 

24J29 

Average, 

23-25 

Set 

23.26 

2. 

The  following 

tests  were 

made  on  the  sai 

ne  gas  with  two 

different  photometers: 

Pentane 

Electric  standard 

23.94 

23.10 

24.23 

2333 

23.84 

24.11 

23.65 

23-ot 

22.65 

23-5° 

23.02 

2445 

Average, 

23-56 

23-59 

D.,m.db,  Google 


22.80 

22.72 

23.18 

22.86 

Average. 

22.99 

22.79 

22.14 

23.48 

2338 

22.63 

2319 

23.09 

2345 

23.90 

22.51 

2397 

23.21 

2319 

Average, 

22.98 

2338 

Sbt3. 

The  following  comparisons  are  those  with  standard  candles : 


Candles 

Electric  standard 

2307 

22.81 

22.74 

2346 

2332 

24.01 

24.72 

2479 

23.61    . 

23.72 

23.14 

2354 

Average, 

2343 

23.72 

24-44 

24.07 

22.61 

23.12 

22.00 

22.14 

23.11 

23.16  . 

22.86 

22.64 

22.04 

22.53 

.Average, 

22.84 

22.94 

D.,m.db,  Google 


22.41 

22.46 

22.63 

23-01 

23-25 

22.51 

22.84 

22.94 

22-93 

22-53 

22.74 

23-OI 

Average,    22.80  22-74 

Note. — These  comparisons  represent  tests  selected  at  ran- 
dom from  3  or  4  months  testing  and  show  the  performance 
of  the  electric  standard  as  compared  with  the  open  flames. 
Comparisons  of  Set  2  were  taken  at  three  different  works 
by  the  works  chemists,  the  individual  tests  being  taken  on 
different  days.  In  Set  3,  the  first  two  averages  are  those  of 
two  consecutive  months,  the  individual  tests  being  taken  on 
different  days.  The  third  average  represents  similar  compari- 
sons at  another  works,  as  before  the  individual  tests  being 
taken  on  different  days. 

Conclusions. — The  electric  standard  possesses  many  advan- 
tages. 

First,  its  cost  is  about  2  cents  per  day,  including  deprecia- 
tion, which  is  very  low  when  compared  with  candles  or  the 
pentane  lamp. 

Second,  it  is  easily  operated  and  no  .time  is  lost  in  heating  up 
as  is  the  case  with  candles  or  the  pentane  lamp.  The  electric 
lamp  can  be  kept  burning  very  low  so  the  coils  in  the  bridge 
will  be  heated  and  ready  for  test  at  all  times. 

Third,  it  cannot  be  thrown  out  of  adjustment  when  handled 
properly-  The  lamps  can  be  restandardized  when  so  desired 
and  in  burning  a  ij4  watt  tungsten  lamp  at  a  gas  color,  which 
is  about  3  watts  per  candle-power,  there  is  very  litde  chance 
for  the  lamp  changing. 

If  this  standard  would  be  universally  adopted  there  would 
be  little  trouble  in  regard  to  candle-power  in  the  future. 

Mr,  G.  I.  Vincent  (Des  Moines)  :  Tn  the  absence  of  any 
(^portunity  whatever  either  to  examine  the  standard  or  to 
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operate  it  I  can  only  comment  on  it  from  the  description  in 
the  text. 

There  is  no  question  that  if  this  apparatus  remains  accu- 
rate wjthin  reasonable  limits  that  it  will  fill  a  long  felt  want. 
While  it  is  quite  true  that  tungsten  lamps  operated  according 
to  the  directions  for  operating  the  standard  will  probably  re- 
main in  constant  condition  for  an  indefinite  period,  I  do  not 
believe  that  this  can  be  absolutely  counted  on.  In  other  words, 
I  believe  that  the  electric  standard  should  be  standardized 
against  a  pentane  lamp  at  reasonably  frequent  intervals. 

The  avoidance  of  all  the  manipulation  required  heretofore 
in  using  electric  standards  by  the  application  of  the  wheat- 
stone  bridge  is  certainly  very  ingenious,  and  on  the  face  of 
it  is  accurate. 

The  fact  that  the  apparatus  is  portable  is  hi  my  mind  one 
of  its  chief  advantages.  Occasionally  we  have  investigations 
made  of  street  lighting  with  portable  photometers,  and  the 
standards  that  have  heretofore  been  used,  as  I  understand, 
have  not  been  very  reliable.  For  permanent  station  work  I 
do  not  see  that  this  new  standard  has  any  great  advantage 
over  standards  heretofore  used.  While  it  is  true  that  the 
pentane  lamp  requires  probably  more  skill  to  operate  than  the 
electric  standard,  it  is  possible  in  my  mind  to  develop  a 
secondary  standard  which  is  easier  to  operate  than  either  one. 

I  have  gotten  over  the  difficulty  in  my  own  plant  by  con- 
structing a  holder  with  a  capacity  of  about  170  cubic  feet  to 
supply  the  Edgerton  standard  which  is  used  as  the  secondary 
standard  on  the  photometer.  The  holder  will  supply  the 
Edgerton  for  6  days  without  refilling.  It  is  located  indoors 
so  that  its  temperature  never  falls  to  a  point  as  low  as  that 
to  which  the  gas,  which  is  used  for  filling  the  holder,  has 
been  subjected.  In  other  words,  the  gas  is  always  dry  as 
far  as  hydrocarbon  vapor  is  concerned  and  consequently  there 
is  no  change  of  the  hydrocarbon  saturation  in  the  holder. 

To  overcome  any  objection  of  the  underwriters  to  having 
a  holder  of  this  type  in-doors  it  is  equipped  with  a  safety  de- 
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vice  without  moving  parts  which  automatically  discharges  its 
contents  into  the  open  air  in  event  of  a  leak  in  the  water 
tank  or  overfilling  of  the  holder. 

The  slot  in  the  Bdgerton  standard  was  enlarged  to  ahout 
double  its  normal  size  which  gives  it  a  value  of  about  12 
candles.  This  moves  the  bar  readings  nearer  to  the  center 
when  measuring  high  candle-power  gas  and  thus  slightly  in- 
creases their  accuracy. 

The  Edgerton  is  tested  against  a  Pentane  lamp  before  fill- 
it^  and  after  filling  the  holder  as  this  was  found  to  be  all 
that  was  necessary  for  continuous  running.  The  maximum 
variation  over  a  period  of  6  days  was  0.6  per  cent,  or  from 
11.77  candle-power  when  the  holder  was  full  to  11.70  candle- 
power  when  about  empty.  This  is  within  the  probable  error  of 
photometrical  work. 

This  apparatus  has  now  been  in  use  for  about  18  months, 
and  has  proven  absolutely  satisfactory.  The  operating  cost 
including  the  standardizing  against  the  pentane  lamp  everj- 
6  days  is  not  as  much  as  that  given  for  the  electrical  standard. 

Mr.  E.  C.  Jones  (San  Francisco) ;  The  work  of  these 
gentlemen  in  evolving  a  standard  is  commendable.  It  is  a 
deplorable  fact  that  we  have  worked  all  these  years  in  photo- 
metry without  a  dependable  standard,  and  as  the  inventor  of 
the  Jones'  gas  photometer  in  1879,  when  I  put  that  little  in- 
strument into  use,  I  think  I  may  be  absolved  from  commer- 
cialism when  I  say  what  I  am  going  to  say  about  photometry. 
Photometry  as  an  exact  science  should  be  classed  with  the 
science  of  religion  and  politics.  Many  years  ago  I  was- in  an 
Eastern  gas  works  and  there  was  an  Irishman  crossing  the 
yard  with  his  hand?  held  apart  and  he  said  "Be  gosh,  Mr. 
Jones  will  you  stand  )Ut  of  the  way.  I  have  a  measurement 
between  my  hands."  And  all  our  measurements  of  light  as 
we  have  taken  them  in  the  past  remind  me  of  the  measure- 
ment between  that  Irishman's  hands.  By  adding  comphca- 
tions  to  our  standard  we  do  not  eliminate  the  personal  equa- 
tion, and  in  consideration  of  photometry  the  personal  equa- 
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tiou,  the  eye,  which  is  the  final  arbiter  of  the  comparison  be- 
tween gas  and  the  standard  is  fallible.  No  two  eyes  are  alike, 
and  I  have  never  known  2  experts  in  photometry  who  could 
agree  within  several  per  cent,  in  reading  on  the  bar  from  the 
same  gas.  I  hope  to  live  to  see  the  day  when  photometry  will 
only  be  used  for  the  comparison  of  the  intensity  of  lights,  for 
the  comparison  or  illumination  of  different  burners,  and  not  for 
deciding  the  quality  of  gas.  As  I  consider  it  to-day,  it  may 
be  heresy.  I  know  my  paper  <mi  unstable  hydrocarbon  in 
illuminating  gas  read  in  California  was  considered  as  heresy 
at  the  time.  But  the  day  is  coming  when  heat  units  will 
be  the  only  standard.  Candle-power  to-day  is  a  nuisance  to 
the  gas  man  and  the  consumer,  and  the  consumer  will  soon 
I  earn  it. 

In  r^ard  to  the  paper  read  by  these  two  gentlemen,  it  oc- 
curred to  me  that  the  electric  standard  might  be  extremely 
useful  and  fairly  accurate,  and  it  su^^sts  itself  to  me  that 
the  new  tungsten  lamps  filled  with  dry  nitrogen  instead  of  a 
partial  vacuum,  might  be  used  to  advantage  as  they  have  a 
fair  life  of  well  sustained  candle-power  and  the  globes  do 
not  blacken.  Any  improvement  in  lamps  no  matter  how 
slight  will  improve  the  standard. 

Mr.  G,  I.  Vincent  (Des  Moines,  Iowa) :  I  just  want  to 
say  that  I  entirely  agree  with  the  remarks  Mr.  Jones  has 
made  about  candle-power.  I  think  he  is  absolutely  right, 
but  there  are  some  of  us  who  have  to  measure  candle-power 
whether  we  want  to  or  not,  and  it  seems  to  me  what  we  ought 
to  do,  as  long  as  we  have  to  do  it,  is  to  measure  as  accurately 
as  we  can.  And  in  constructing  that  secondary  standard  I 
described,  one  thing  we  had  in  mind  was  that  the  color  of  the 
flame  was  identical  with  the  test  flame  to  be  measured,  and 
also  the  fact  that  we  had  a  large  standard  flame  which  gave 
a  trifle  more  accurate  readings. 

The  Chairman:  .\ny  further  discussion  on  that  i)aper, 
gentlemen  ? 
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Mr.  Walton  Forstall:  I  have  something  sent  to  Mr. 
Ramsdell  from  Mr.  Uhlig. 

Mr.  E.  C.  Uhlig  {Brooklyn,  N,  Y.) :  In  testing  gas  I  have 
found  that  the  ordinary  works  observer  can  obtain  very  accu- 
rate readings,  and,  as  the  adjustments  are  simple  and  easily 
understood,  the  services  of  a  highly  trained  expert  arc  not 
required.  Aside  from  this  in  my  opinion  a  great  advantage 
is  that  only  one  observer  is  needed  during  a  test. 

Another  advantage  is  that  the  lamp  is  unaffected  by 
draughts  or  vibrations  and  can  be  used  for  testing  after  2 
or  3  minutes  burning,  thus  saving  the  time  usually  spent  in 
preliminary  adjustments  as  in  the  case  of  pentane  and  candles. 
Also  it  frequently  happens  that  when  candles  are  used  many 
tests  must  be  discarded  owing  to  the  behavior  of  the  candles, 
entailing  loss  of  time  in  repeating  the  test. 

Aside  from  using  this  standard  for  testing  gas  I  have 
found  it  very  useful  in  verifying  the  value  of  pentane  lamps. 
It  has  happened  that  the  steatite  burner  of  a  pentane  lamp 
became  cracked  after  long  use.  When  a  new  burner  has 
been  placed  in  the  lamp,  the  lamp  is  standardized  and  put 
into  use,  thus  saving  the  time  which  would  be  lost  were  the 
lamp  sent  to  the  National  Bureau  of  Standards. 

This  electric  standard  costs  about  $140  and  will  pay  for 
itself  in  about  10  months  when  compared  with  candles,  on 
the  basis  of  24  tests  per  day,  assuming  that  50  cents  worth  of 
candles  are  used  daily.  With  the  pentane  lamp,  which  costs 
about  $80  and  ordinarily  consumes  a  minimum  of  $45  worth 
of  pentane  monthly,  the  electric  standard  should  pay  for  it- 
self in  about  2  months. 

Mr.  C.  O.  Bond  :  Through  coming  late  I  have  missed  the 
preceding  discussion,  and  I  don't  know  whether  any  remarks  I 
would  have  to  make  would  be  repetition  or  not ;  but  we  ought 
to  welcome  anything  that  will  make  more  accurate  our  pho- 
tometry. If  those  who  feel  that  this  device  should  be  accepted 
with  caution  would  run  parallel  tests,  correcting  for  atmos- 
pheric conditions  and  using  their  pentane  lamp  as  a  check,  and 
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this  method  should  prove  out  to  their  satisfaction,  why  then  it 
should  be  accepted  for  use,  and  certainly  so  if  it  runs  as  cheaply 
as  stated. 

As  has  been  stated,  we  are  looking  forward  to  calorific 
standards  rather  than  photometric  standards  and  I  have  be- 
Heved  for  some  time  that  our  future  photometry  lies  rather 
in  the  utilization  than  the  testing  of  our  manufactured  pro- 
duct. 

Thb  Chairman  :  If  there  is  nothing  further  we  will  ask 
Mr.  Millar  to  close  the  discussion  on  the  paper. 

Mr.  p.  S.  Millar  (New  York):  It  has  been  suggested 
that  when  employing  the  electric  standard  it  will  be  advisable 
to  check  it  occasionally  against  a  pentane  lamp.  An  interest- 
ing comment  on  this  point  is  found  in  the  statement  of  Mr. 
Uhlig  who  states  that  in  the  use  of  the  lamp  by  the  Brooklyn 
Union  Gas  Company  it  has  been  found  valuable  in  checking 
pentane  lamps  where  the  value  of  the  electric  standard  has 
remained  constant  and  for  some  reason  the  pentane  lamps 
have  varied. 

As  a  matter  of  fact  there  remains  no  question  as  to  the 
reliability  of  the  electric  standard.  If  there  were  any  doubt 
on  this  score  it  would  be  recognized  at  the  Bureau  of  Stand- 
ards and  at  other  laboratories  where  the  electric  standard 
has  been  in  use  for  years.  These  electric  lamps  are  very 
constant,  and  as  used  to-day  provide  a  measure  of  reliability 
which  is  not  equalled  otherwise. 

In  regard  to  the  desirability  of  the  Edgerton  standard  on 
the  ground  that  its  candle-power  is  relatively  high,  it  is  ob- 
vious I  think  that  electric  standards  of  any  desired  size  may 
be  used.  In  the  particular  case  presented  for  illustration 
a  2  candle-power  unit  has  been  employed  simply  with  a  view 
to  having  a  small  source  involving  a  small  storage  battery. 
When  desired,  an  electric  standard  of  lo,  20  or  100  candle- 
power  or  higher  may  be  used.  Of  course  in  the  case  of  the 
larger  lamp  a  larger  storage  battery  is  required. 

Mr.  Jones  has  expressed  the  hope  that  photometry  will  be- 
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come  less  important  in  the  future,  since  as  time  goes  on 
there  is  less  interest  in  the  candle-power  of  gas.  1  would 
su^:est,  on  the  other  hand,  that  photometry  is  becoming 
more  and  more  important  in  the  study  of  lamps  and  in  the 
design  of  illumination.  This  new  field  for  photometry  is  of 
an  importance  which  is  now  generally   recognized. 

The  new  development  in  tungsten  lamps  which  Mr.  Jones 
referred  to  is  hardly  applicable  at  this  time  to  an  electric 
standard  such  as  that  under  discussion.  In  fact  there  is  no 
need  to  look  further  for  added  reliability.  Here  we  have  a 
lamp  which  will  not  vary  appreciably  within  a  period  of  say 
500  to  1,000  hours  burning,  and  which  for  a  small  sum  can 
be  replaced  by  one  or  more  other  lamps  with  which  it  is  in- 
terchangeable, each  affording  a  check  on  the  reliability  of  the 
others. 

In  closing  I  should  like  to  emphasize  Mr.  Bond's  remark 
— here  in  the  electric  standard  is  a  device  which  on  reputable 
authority  is  said  to  be  of  considerable  potential  value  in  the 
gas  industry.  Now  let  us  try  it.  If  it  is  not  of  value,  it  may 
be  cast  aside,  but  if  it  is  tried  thoroughly,  I  feel  that  you  will 
find  in  it  a  very  useful  device. 

Mr.  G.  I.  Vincent  (Des  Moines,  Iowa)  :  I  want  to  say  here 
that  I  think  Mr.  Millar  completely  misunderstood  my  state- 
ment about  street  lighting.  The  story  I  have  been  told  is 
that  tests  on  street  lighting  that  were  inaccurate  were  not 
made  with  this  apparatus  and  my  idea  is  that  this  apparatus 
would  undoubtedly  have  made  those  particular  tests  correctly. 

The  Chairman:  The  next  paper,  gentlemen,  will  be 
"Automatic  and  Distance  Ignition  of  Gas"  by  F.  H.  Gilpin, 
Philadelphia. 

(Mr.  Gilpin  then  read  his  abstract  on  the  above  subject.) 

AUTOMATIC  AN'D  DISTANCE  LIGHTERS. 

AIwtiACt — Pajht  1 — Indook  hiOHTinc—Pyrophoric  Lighters. — These 
depend  for  their  action  upon  sparks  obtained  from  friction  between  a 
pyrophoric  alloy  and  an  abrading'  surface. 

Catalytic. — These  devices  depend  for  the  ignition  d(  the  gas  upon 
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the  heating  by  the  catalytic  action  of  the  gas  of  a  fine  wire  of  platinum 
or  similar  metal  after  the  temperature  has  been  raised  by  platinum 
black  or  electric  current  to  a  point  high  enough  to  start  the  action. 
In  the  D'Arsi  auto-tiame  igniter  the  gas  from  a  pilot  flame  is  ignited 
by  a  platinum -black  pellet  in  connection  with  small  platinum  wires. 
When  the  main  burner  lights,  a.  thermostatic  valve  closes  off  the  pilot 
flame.  In  the  Lyons  lighter  a  small  spiral  of  platinum  is  heated  by  a 
small  dry  cell  to  500°  F.  The  filament  is  protected  from  direct  im- 
pingement of  the  gas,  but  enough  gas  diluted  with  air  reaches  it  to 
raise  its  temperature  by  catalysis  to  that  of  the  igniting  point  of  the 
gas.  The  Telephos  hghter  is  similar  in  principle  to  the  Lyons,  but 
contains  an  electric  cock  operated  by  the  ignition  current. 

Cocks  for  automatic  lighting  are  operated  by  electricity  through 
electro- magnets,  compressed  air  by  pneumatic  push-buttons,  and  by  an 
increase  or  reduction  in  gas  pressure  by  means  of  a  by-pass. 

Part  II — Outdoor  LiGUTrNG. — Street  lighting  by  hand  is  not  satis- 
factory on  account  of  cost  of  labor  and  waste  of  gas.  An  automatic 
distance  lighter  should  be  proof  against  unintentional  derangement;  all 
parts  should  be  easily  replaceable;  it  should  not  require  attention  of 
skilled  labor ;  it  should  be  capable  of-  being  installed  by  a  fitter  not 
especially  trained  for  the  purpose ;  it  should  be  readily  adjustable  for 
pressure  and,  when  set.  remain  unaffected  by  outside  influence;  in  case 
of  failure  of  operation  it  must  be  readily  lighted  by  hand ;  it  should  bo 
small  in  size;  it  must  not  be  obstructed  by  naphthalene,  but,  if  ob- 
structed, should  be  easily  cleaned ;  and,  finally,  it  should  quickly  repay 
the  cost  of  installation. 

In  the  present  state  of  the  art,  ihose  appliances  that  operate  on 
clockwork  or  pressure  systems  or  a  combination  of  the  two  are  most 
readily  adaptable  for  use,  inasmuch  as  systems  operated  electrically 
or  pneumatically  are  exceedingly  costly  in  their  initial  installation. 

The  Horstmann,  Shaw  or  "Automatic"  and  the  "Rapid"  are  described 
as  among  those  operating  by  means  of  clockwork,  and  the  Bamag, 
Tourtel'Mealing,  Broadberry,  Gafeg,  Lux,  Kilchman  and  Gaulis,  and 
Robson  Automaton  among  the  pressure  wave  systems. 

Pyrophoric  igniters  are  subject  to  atmospheric  influences,  and  when 
wet  or  cold,  their  operation  is  slow  and  sometimes  impossible.  One  of 
their  chief  disadvantages  is  that  the  active  material  wears  out  and  must 
be  replaced. 

Platinum  or  palladium  black  lighters  give  the  same  troubles  as  the 
pyrophoric  alloy  and  have  the  additional  drawbacks  of  fusion  and 
evaporation.  The  active  life  of  the  material  is  not  long,  and  from  6 
to  15  seconds  elapse  between  gas  admission  and  ignition.  With  the 
electrocatalytic  platinum  wire  type,  the  deterioration  occurs  in  the 
electric  battery.    Cells  can  now  be  obtained,  however,  that  have  a  life 
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of  over  a  year,  while  the  igniters  will  stand  over  60,000  ignitions.  Cor- 
rosion of  contacts  is  a  great  source  of  trouble  and  these  should  be 
located  where  they  can  be  easily  cleaned. 

Pilot  troubles  can  be  charged  against  a  lighter  only  when  the  cock 
governs  the  action  of  the  pilot.  Extinction  of  the  pilot  upon  lighting 
is  often  because  the  action  of  the  valve  is  so  quick  that  the  pilot  is 
put  out  before  the  main  burner  is  lighted.  Pilots  inside  the  mantles 
give  greater  satisfaction  than  where  outside,  though  this  type  must  be 
non-luminous  or  mantles  will  carbonize.  Where  the  pilot  has  a  plug 
cock  adjustment,  condensation  is  apt  to  collect  and  obstruct  the  passage. 

Every  form  of  cock  will  eventually  give  trouble  through  leaking  or 
Sticking,  Cone,  plug  and  ball  valves  are  liable  to  become  corroded  or 
foreign  particles  prevent  their  seating  properly.  Flap  valves,  if  well 
made,  act  well,  especially  if  the  valve  face  is  vertical,  but  rotary  disk 
valves  are  probably  the  best  type  to  use  as  the  wearing  surface  :s  con- 
stantly self-cleaning  and  requires  little  or.no  lubrication. 

In  pressure  lighters  the  tendency  of  the  diaphragm  to  harden  is 
remarkable.  If  the  material  be  of  poor  grade,  diaphragms  are  liable 
to  almost  total  disintegration  before  serious  trouble  is  noticed,  while 
a  superior  grade  may  ,be  lubricated  with  a  neutral  oil.  Small  dia- 
phragms seem  more  subject  to  difficulties  than  large  ones,  particularly 
if  in  continuous  contact  with  live  gas. 

Clockwork  should  be  as  simple  as  possible  and  separate  means  should 
be  provided  for  driving  the  timing  and  operating  trains.  An  important 
feature  should  be  a  definite  relation  between  the  tripping  mechanism 
and  the  clock  face  to  facilitate  adjustment  in  use.  All  parts  that  are 
liable  to  screw  up  and  bind  should  be  guarded  against. 

Genekai.  Sumuasv  and  Conclusions. — The  choice  of  the  type  of 
distance  lighter  depends  almost  entirely  upon  local  conditions,  the  clock 
system  probably  being  most  satisfactory  for  scattered  districts  and  the 
pressure  wave  system  for  congested  localities.  The  combination  of  the 
two  systems  in  one  apparatus  merely  introduces  the  complications 
inherent  in  each. 

Clock  lighters  are  more  subject  to  weather  conditions  than  the  pres- 
sure wave  type,  and  more  difficult  to  repair.  They  are  independent  of 
pressure,  but  cannot  be  controlled  from  a  distance  in  case  of  emer- 
gency. 

In  transmission  of  wave  pressures  it  has  been  found  that  a  0.4-ioch 
wave  will  travel  about  400  feet  per  second  in  a  30-inch  main  and  350 
feet  in  a  4-inch  pipe.  In  using  this  system  it  is  necessary  to  have  com- 
plete pressure  control  from  one  point,  as  wave  from  other  sources,  as 
outlying  holder  stations,  could  easily  follow  each  other  at  such  inter- 
vals as  to  annul  the  effects  of  the  previous  wave.  Pressure  wave 
lighters  should  be  small,   self-contained   and   selective  in   their  action. 
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Considering  the  small  available  motive  force,  a  cock  should  be  em- 
ployed in  which  friction  is  almost  negligible,  or  else  higher  pressures 
may  be  used.  Mercury  and  seals  of  evaporative  material  should  be 
avoided,  and  operative  parts  removed  as  far  as  possible  from  contact 
with  the  gas. 

In  spile  of  all  handicaps  inherent  in  the  problem  of  automatic  and 
distance  ignition,  much  success  has  been  obtained  in  England  and 
Germany  with  both  clock  and  pressure  systems  in  addition  to  the 
saving  effected  in  gas  and  labor  charges. 

INTRODUCTION. 

The  problem  of  a  suitable  means  for  ignition  of  a  gas  lamp, 
either  of  the  open  flame  or  incandescent  mantle  type,  has  long 
been  in  evidence.  With  the  advent  of  electricity  and  its  chief 
feature  of  convenience — its  ability  to  be  controlled  from  any 
location  by  a  simple  snap  or  knife  switch — the  need  for  a  dis- 
tance and  automatic  control  of  ignition  for  gas  has  become 
almost  a  necessity.  The  earliest  attempts  to  obtain  auto-igni- 
tion naturally  inclined  towards  some  scheme  where  a  substance 
would  of  its  own  properties  cause  ignition  of  the  flame,  such 
as  platinum  black.  Owing  to  the  deterioration  of  such  sub- 
stances of  this  type  as  are  now  available,  either  from  evapora- 
tion, fusion  due  to  heat,  or  moisture  absorption,  the  results 
obtained  have  not  been  entirely  satisfactory.  The  introduc- 
tion of  the  incandescent  mantle  burner  and  the  by-pass  cock 
and  pilot  gave  the  first  directional  impulse  toward  a  satis- 
factory solution  of  the  problem.  The  entire  field  of  distance 
or  automatic  ignition  is  principally  divided  into  two  great 
classes—indoor  and  outdoor  or  street  lighting.  In  the  first 
class  the  situation  is  controlled  by  the  consumer  and  restricted 
to  single  units  or  small  groups  of  lamps  at  a  relatively  short 
distance,  while  in  the  latter  the  conditions  are  more  readily 
controlled  over  a  wide  area  through  the  distribution  system  of 
the  manufacturer. 

The  first  attempt  at  outdoor  distance  lighting  was  made  in 
1850  by  Prof.  Klinkelfuss,  at  Gottingen,  but  does  not  appear 
to  have  been  successful.     Since  1878  the  solution  of  the  prob- 
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lent  has  been  more  generally  attempted  and  in  some  cases  very 
satisfactory  results  have  been  obtained.  Several  systems  and 
means  have  been  adopted  to  reach  the  desired  end.  These 
may  be  classified  as  foUov^s : 

(1)  Pyrophoric, 

(2)  Catalytic. 

(3)  Electric. 

(4)  Pneumatic. 

(5)  Pressure-wave. 

(6)  Pressure-wave  and  clockwork. 

(7)  Clockwork. 

In  this  connection  might  be  mentioned  the  jump  spark  sys- 
tem of  ignition,  where  the  lamp  igniters  are  a  number  of  elec- 
tric spark  gaps  in  series  with  a  high  potential  coil. 


Indoor  Lighting. 

By  indoor  lightii^  is  meant  that  class  of  lighting  where  the 
time  for  ignition  and  extinguishing  is  controlled  entirely  by  the 
consumer.  For  this  type  of  service  the  pneumatic,  catalytic,  elec- 
tric, pyrophoric  and  modified  forms  of  pressure  apparatus  are 
most  satisfactory.  Many  patents  and  schemes  have  been  de- 
vised, but  most  of  them  have  proven  impractical  in  service. 
Below  are  given  the  description  of  a  few  of  the  systems  that 
have  been  tested  at  the  Photometrical  Laboratory  in  the  past 
three  years.  Most  of  the  appliances  were  placed  in  r^^lar 
service  and  not  operated  under  what  are  usually  termed  lab- 
oratory conditions  and,  from  the  troubles  experienced,  the 
good  and  bad  features  that  may  be  employed  in  designing  a 
lighter  are  summarized. 

Pyrophoric  Lighters. — These  lighters  depend  for  their  ac- 
tion on  the  ignition  of  the  gas  by  sparks  obtained  from  the 
friction  between  a  pyrophoric  alloy  and  an  abrading  surface, 
such  as  a  small  file.  One  of  these  is  shown  as  attached  on 
an  inverted  lamp  in  Fig.  i.     A  cirailar  file  is  turned  across  a 
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pellet  of  cerium-iron  alloy,  creating  a  shower  of  sparks  which 
fall  into  the  crown  vents  of  the  burner  and  ignite  the  issuing 
gas.  A  suitable  attachment  permits  the  device,  when  not  in 
use,  to  rest  out  of  the  direct  path  of  the  heated  products.     In 

FYnOPHORIC       UGHTtn 


Fig.  I. 

a  variation  of  this  apparatus  the  upward  motion  of  the  arm 
carrying  the  abrading  surface  also  opens  the  burner  cock.  It 
has  been  claimed  abroad  that  4.6  grains  of  a  similar  alloy  will 
produce  8,000  sparks. 
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Catalytic. — These  devices  depend  for  the  ignition  of  the 
gas  on  the  heating  of  a  fine  platinum  (or  similar  metal)  wire 
hy  the  gas  itself  to  the  kindling  point  after  the  temperature 
has  been  sufficiently  raised  by  platinum  black  or  an  electric 
current  to  start  the  catalytic  action  by  the  gas. 
lyArsi  Auto-Flame  Cos  Lighter. 

In  this  apparatus,  which  is  somewhat  similar  to  the  ordinary 
open-flame  by-pass  burner  with  small  pilot  flame,  the  pilot 
way  is  open  when  the  burner  is  cold.  On  opening  the  gas 
cock  the  gas  from  the  pilot  is  ignited  by  the  platinum  black 


Fig.  s. 

pellets  in  connection  with  small  platinum  wires.  The  main 
burner,  when  ignited  from  the  pilot  flame,  heats  a  thermostat 
which,  in  expanding,  pushes  a  small  piston  valve  horizontally 
into  the  pilot  gas  way,  closing  it.  (See  Fig.  2.) 
Lyon's  Hot-Wire  Igniter. 
This  device  is  shown  in  Fig.  3.  It  consists  mainly  of  a 
small  spiral  of  platinum,  or  similar,  wire  0.002  inch  in  diam- 
eter, placed  in  a  special  attachment  to  the  burner  and  is  heated 
electrically  to  500°  F.  The  filament  is  protected  from  direct 
impingement  of  the  gas  by  its  location  in  a  trough,  but  suffi- 
cient gas  diluted  with  air  strikes  it  to  raise  its  temperature  by 
catalytic  action  of  the  constituents,  especially  methane  and 
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hydrogen,  to  the  kindling  point  (1,500'  F.),  at  which  point 
the  gas  ignites.    This  apparatus  is  used  in  connection  with  a 
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Pig-  3- 

self  contained  fixture,  having  a  1.5  volt  dry  cell  in  the  casing 
at  the  base  of  the  drop. 
78 
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Telephos  Igniter. 

This  igniter  is  shown  in  Figs.  4  and  5.    It  can  be  used 

either  for  upright  or  inverted  lights.    The  lighting  device  is 

similar  to  the  Lyon,  in  that  a  fine  wire  is  heated  by  an  electric 

current  to  ignite  the  gas  by  further  catalytic  action.     In  series 


Fig-  4. 

with  the  igniter  the  current  actuates  an  electro-magnet  that 
turns  a  flat  ratchet  disc  valve,  alternately  opening  and  closing 
the  gas  passage.  In  the  upright  type  the  igniter  is  placed 
directly  in  the  top  of  the  burner  cap  inside  the  mantle,  while 
in  the  inverted  type  the  igniter  is  attached  to  a  pilot  jet.  A 
small  conical  valve  is  raised,  opening  the  pilot  tube,  by  an  in- 
clined wire,  which  is  pushed  through  an  eyelet  in  the  top  of 
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the  valve  when  the  armature  is  drawn  towards  the  magnet  by 
the  passage  of  current. 


TCLEPHOS. 


PATEKT  PiSTAMcecj 


Fig-  5- 

The  inverted  type  is  protected  from  the  direct  impingement  of 
the  exhaust  products  by  a  porcelain  enclosing  cup.  The  ap- 
parattis  is  operated  by  means  of  an  externally  located  6  volt 
special  type  cell  and  single  push  button. 
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ELECTRIC. 

Magnetic  Cock. 

The  magnetic  cock  is  operated  with  a  by-pass  integral  with 

it.     Two  electro-magnets  are  connected  in  parallel,  using  the 

gas  pipe   for  a  return,  and  are  operated  by  separate  push 


ci|  Hj; 


buttons.  The  cock  barrel  is  rocked  back  and  forth  through 
90°  by  the  alternate  strokes  of  the  armatures  of  the  two  electro- 
magnets on  a  cam  attached  to  the  barrel.  (See  Fig.  6,)  It  is 
operated  by  three  No.  6  Columbia  dry  cells  in  series. 
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PHEiniATIC. 

Positive  Pneumatic  Valve. 

See  Fig.- 7.     This  appliance -consists  of  a -small,  horizontal 

piston  valve  across  the  gas  way  operated  by  the  suction  of  a 


U- 


Fig.  7. 

small  plunger  pump  through  a  length  of  hollow  brass  tube 
about  0.08  inch  outside  diameter. 

Luther  Pneumatic   Valve. 
This  device  is  shown  in  Fig.  8.    The  valve  itself  consists 
of  two  plungers  connected  axially  by  a  rod  and  operated  by 
1  or  pressure.    The  rod  carries  a  rack  which  turns  a 
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pinion  on  the  valve  stem.    A  helical  slot  in  the  pinion  moving 

M 


zn  ncuMATTC  Valve 


Fig.  8. 
over  a  fixed  pin  gives  it  an  ajcial  motion  that  on  alternate 
strokes  unseats  and  seats  the  valve. 
PSKSSUKE  U6HTBKS. 

The  Askania. 
This  apparatus  is  shown  in  Fig.  9.  It  consists  mainly  of 
two  parts — a  regulator  and  an  operator.  The  regulator  may 
be  placed  anywhere  in  the  gas  supply  line  and  has  the  appear- 
ance of  an  electric  snap  wall  switch.  By  turning  the  switch 
to  the  left,  full  line  pressure  is  admitted  to  the  burner,  while 
by  turning  it  to  the  right  a  reduced  pressure  is  maintained. 
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This  low  pressure  is  r^;ulated  by  a  screw  in  a  small  gas  pas- 
sage. The  operator  is  placed  directly  in  the  line  over  the^ 
lamp.  When  the  by-pass  in  the  r^ulator  is  open  the  small 
float  and  ball  are  in  the  lowest  position,  the  ball  closing  the 


Fig.  9. 

main  gasway  and  the  pilot  being  lighted.  When  the  switch 
is  turned  "on"  the  increase  of  pressure  causes  the  float  to  rise, 
opening  the  main  gasway  and  shutting  off  the  pilot.  The  float 
rises  when  the  pressure  exceeds  ■/•  •"<^h  water. 
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Outdoor  Lighting. 

As  generally  understood,  outdoor  lighting  consists  mainly  of 
street  and  park  lighting,  all  of  which  is  under  the  direct  su- 
pervision of  the  supplying  company,  especially  as  regards  the 
time  of  the  lighting  and  extinguishing  of  the  lamps.  Besides  the 
general  street  lightit^  there  are  individual  lamps  or  groups  of 
lamps  operated  by  the  consumer  for  which  the  distance  lighter 
can  be  used  to  advantage.  For  the  last  named  purpose  the 
magnetic  cock,  as  described  for  indoor  use,  can  be  used,  though 
the  application  is  more  limited. 

Street  Lighting. 

The  present  system  of  lighting  each  lamp  by  hand  can  not 
be  said  to  be  entirely  satisfactory.  The  large  number  of  men 
necessary  to  cover  a  wide  range  increases  labor  cost  while  the 
necessity  for  beginning  to  light  the  lamps  one  hour  before 
lighting  time  and  the  reverse  at  extinguishing  time  means  waste 
of  the  gas  needed  to  burn  all  the  lamps  the  one  hour  extra.  The 
average  required  lighted  time  of  lamps  is  about  il^  hours. 
Taking  I2j^  hours  as  the  average  actual  lighted  time  the  sav- 
ing due  to  lighting  and  extinguishing  lamps  simultaneously  at 
the  proper  hour  would  be  i  -^  12.5  X  lOo,  or  8  per  cent.,  in  gas 
consumption.  For  a  5  ft.  burner  this  would  amount  to  1,825 
cubic  feet  of  gas  per  year  per  burner. 

An  automatic  distance  lighter  should  have  the  following 
essential  characteristics :  It  should  be  proof  against  any  unin- 
tentional derangement;  all  parts  should  be  easily  replaceable; 
its  construction  and  manipulation  should  be  so  simple  as  not 
to  require  the  attention  of  skilled  labor ;  it  should  be  able  to  be 
installed  by  a  fitter  not  specially  trained  for  the  purpose;  it 
should  be  readily  adjusted  to  operate  at  any  desired  pressure, 
and,  when  set,  must  remain  unaffected  by  outside  influence ; 
in  case  of  failure  of  operation  it  must  be  readily  lighted  by 
hand ;  its  size  should  be  small,  both  for  artistic  and  li^t  econ- 
omy reasons ;  it  must  not  be  readily  obstructed  by  naphthalene 
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and,  if  obstructed,  should  be  easily  cleaned  and,  finally,  in  a 
short  time  it  should  repay  the  total  cost  of  installation  by  the 
saving  :e£Fcctcd  in  wages  and  gas  consumption. 

In  the  present  state  of  the  art  those  appliances  that  operate 
on  the  clockwork  or  pressure-wave  systems,  or  combination  of 
the  two,  are  most  readily  adaptable  for  use,  inasmuch  as  sys- 
tems operated   electrically  or  pneumatically  are  exceedingly 


Fig.  lo. 

costly  in  their  initial  installation.  Several  of  each  type  have 
been  investigated  in  the  last  few  years  as  below  described. 

The  method  of  test  is  as  follows : 

When  the  lighter  is  received  it  is  thoroughly  examined  and 
its  method  of  operation  determined  by  setting  it  up  indoors  in 
series  with  a  governor  for  several  days  or  a  week.  The 
system  once  determined,  the  apparatus  is  set  in  place  on  a 
lamp  post,  of  which  there  are  two  sets  of  six  on  independent 
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lines  outside  the  laboratory.  These  lines  are  controlled  t^ 
independently  placed  governors,  though  both  may  be  operated 
in  parallel  on  either  governor. 

CLOCEWORK  SYSTEMS. 

HorstmoHH. 
This  apparatus  is  shown  in  Fig.  lo.    The*  cock,  which  is  of 


Fig.  II. 

the  plug  type,  is  placed  outside  the  case  containing  the  clock- 
work and  is  operated  by  a  lever  and  connecting  rod  from  a 
separate  train  of  clockwork  other  than  the  timing  works.    Pins 
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on  th«  main  clock  dial  release  this  secondary  clockwork, 
which  automatically  shuts  off  when  a  disc  carrying  the  oper- 
ating pin  has  made  one-half  revolution.  This  pin  creates  a 
horizontal  motion  in  the  rod  moving  the  clockwork  lever  one- 
quarter  revolution. 

Shaw  (or  Automatic)  Lighter. 

See  Figs,  ii,  12  and  13.     The  clockwork  is  of  Seth  Thomas 

make  and  is  enclosed  in  a  dust  proof  case.     The  valve  proper 


Fig.  ". 

is  at  the  upper  end  of  an  inverted  "L"-shaped  extension  on  the 
back  of  the  box.  The  valve  is  a  leather  faced  wedge  that 
rocks  from  side  to  side,  alternately  closing  the  gas  passages  to 
the  pilot  and  burner.  This  valve  is  operated  throi^h  a  system 
of  levers  moving  over  a  dead  spring  center,  as  shown  in  Fig. 
13.  The  clockwork  train  drives  three  operating  pin  wheels 
on  the  same  shaft,  which  rotates  once  in  24  hours,  the  pins  on 
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which  can  be  set  to  raise  the  arms  of  the  carriage  bearing  the 
weight  at  any  desired  time.  The  raising  of  the  weight  lifts  3 
pin -which  in  turn  moves  the  rods -to -the -valve.    The  front 


1912  AUTOMATIC    CLOCK  LIGHTER, 
Pig.  13. 

wheel  of  the  rear  pair  of  operatii^  pin  wheels  is  a  "lighting 
wheel"  with  fixed  pin  and  the  rear  one  is  an  "extinguishing" 
wheel  similar  to  it.  The  relative  times  of  lighting  and  extin- 
guishing are  automatically  changed  by  means  of  a  star  wheel 
in  connection  with  a  double  worm  turning  the  operating  wheels 
in  opposite  directions.     The  star  wheel  moves  one  notch  back- 
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ward  every  24  hours,  according  to  the  location  of  the  operating 
pin.  The  separate  front  wheel  can  be  used  for  a  fixed  time 
of  lighting  by  moving  the  front  arm  of  the  weight  carriage  to 
engage  the  pin.  The  operating  limits  are  from  light  at  3.15 
p.  M.  and  out  at  9.45  a.  m.,  to  light  at  9.45  p.  m.  and  out  at 
3.15  A,  M.  All  parts  of  the  apparatus  are  readily  accessible 
for  inspection  and  cleaning. 
In  the  latest  model  of  this  apparatus  only  one  pin  wheel, 


Pig.  14- 

with  two  adjustable  pins,  is  used  to  raise  the  weight  arm  that 
imparts  motion  to  the  lever  system.  The  hours  are  marked  on 
this  wheel  for  convenience  in  setting.  As  the  weight  arm 
raises,  the  arm  with  the  double  hook  at  the  top  is  raised  to  en- 
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gage  the  lugs  on  the  valve  rocking  stem,  the  operation  of  the 
valve  taking  place  when  the  pin  allows  the  weight  to  fall. 
Rapid  Clock  Lighter. 
This  apparatus  is  shown  in  F^.  14.  The  time  dial  carries 
two  projecting  pins  that  alternately  move  a  lever  to  the  ri^t 
and  left.  Through  a  second  lever  a  rocking  semi-circular  disc 
is  turned  to  raise  a  cone  valve  off  its  seat  in  the  main  gas  way. 


Fig.  15. 

The  limits  of  setting  are  light  4-9  P.  M.  and  out  11  p.  u.  to  7 
A.  H.  It  is  enclosed  in  a  reasonably  dust-proof  box  3^  x  4  x 
2  inches,  placed  directly  on  the  riser  in  the  lantern  head.  In 
case  of  trouble  with  the  valve,  it  would  be  rather  difficult  to 
get  at  to  repair,  as  it  is  fastened  on  from  the  inside  of  the 
back  of  the  case  by  screws. 
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PKSSSnSS  WAYS  LIOHTBBS. 

Bamag. 
See  Fig.  15.  A  cast  iron  case  is  divided  into  two  chambers 
by  a  diaphragm  of  fine,  firm  and  uniform  closely  woven 
material  impregnated  with  varnish.  The  gas  pressure  acts  on 
one  side  of  the  membrane  against  a  spiral  spring  on  the  other 
side,  of  which  the  tension  can  be  readily  altered  by  setting  an 
adjusting  pointer  on  the  dial  of  the  outside  casing.  The  hori- 
zontal movement  of  the  diaphragm  is  communicated  by  a 
system  of  levers  to  a  ratchet  and  cam.  This  cam  imparts  to 
a  rocking  lever  the  motion  that  raises  the  cone  valve  off  its 
seat.  The  operation  of  the  apparatus  takes  three  cycles,  so 
that  by  using  two  styles  of  cam,  half  night  and  all  night  lamps 
may  be  operated  on  the  same  line.  All  the  adjustments  are 
on  the  exterior  and  easily  made  after  the  device  has  been 
placed  on  the  post,  irrespective  of  the  differences  in  pressure 
in  the  various  parts  of  the  distribution  system.  By  suitable 
levers  the  apparatus  can  be  operated  by  hand  in  case  of 
failure. 

Tourtel-MealiHg. 
See  Fig.  16.  This  apparatus  consists  of  a  double  chamber 
regulator  and  a  double  diaphragm  operator.  On  increase  of 
pressure  the  seal  in  the  regulator  is  broken  and  the  gas  press- 
ure admitted  to  the  two  diaphragm  chambers  of  the  operator. 
By  suitable  arrangements  of  leak  holes  and  springs  the  main 
diaphragm  is  pushed  to  the  right,  operating  the  ratchet  valve. 
On  the  banning  of  the  pressure  increase  at  the  operator  the 
secondary  diaphragm  operating  against  a  spring  closes  the 
escape  outlet  of  the  main  diaphragm.  On  release  of  pressure 
the  opposite  effect  occurs  and  the  main  diaphragm  is  forced 
back  by  a  counter  balance  to  prepare  for  another  operation. 
The  valve  is  a  rotating  flat  disc  moving  %  turn  at  each  opera- 
tion of  the  diaphragm  and  having  four  ports  for  gas  passage. 
All  parts  are  readily  accessible  for  cleaning  and  hand  operation 
is  simple. 
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See  Figs.   17  and  i8.     The  Broadberry  is  more  or  less  a 
development  of  the  Tourtel- Mealing  type  of  apparatus,  having 


a  controller  and  an  operator.  The  controller  is  a  cast  iron 
case  divided  horizontally  into  two  chambers.  The  lower 
chamber  is  open  at  the  top  to  gas  pressure  and  partially  filled 
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with  a  mixture  of  water  and  glycerine.  When  the  gas  press- 
ure is  raised  some  of  the  liquid  is  forced  from  the  bottom  of 
the     lower     chamber     into     the     bottom     of     the     upper 


chamber  which  contains  a  float  that  rises  and  falls  on 
quick  impulses  only  from  the  liquid,  a  small  pinhole  in  the 
bottom  of  the  float  allowing  the  balance  to  be  maintained  on 
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slow  increases.  On  raisii^  this  float  it  strikes  against  a  hol- 
low valve  stem  extending  down  from  a  peculiar  type  of  combi- 
nation cone  and  clack  valve,  the  flap  raisii^  the  inlet  to  the 
diaphragm  from  the  gas  line  and  the  cone  r^ulatti^  the  out- 


I  -^'■^ 


a.e:.broadberry  apparatus 

LI&HTINQ  AND    EXTINGUISHING 
STRCELT    UAMPS. 

Pig.  i8. 


let  through  the  hollow  stem  from  the  diaphragm  to  the  air, 
raising  it  and  admitting  full  gas  pressure  behind  the  diaphragm 
of  the  operator.,  which,  through  a  system  of  ratchet  levers 
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moves  the  cock  continually  in  one  direction.  When  the  float 
falls  the  valve  stem  falls  and  opens  the  back  of  the  diaphragm 
to  the  atmosphere,  allowing  the  ratchet  levers  to  fall  back. 


Pig-  19- 

The  only  parts  of  the  mechanism  exposed  to  the  gas  are  the 
diaphragm  and  the  small  valve  operated  by  the  float. 
Gafeg. 
See  Fig.  19.    A  weighted  diaphragm,  on  increase  of  press- 
ure, rises,  lifting  a  stem  carrying  a  loose  thimble-shi^wd  pawl. 
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The  pawl  engages  in  the  crown  teeth  of  a  ratchet  wheel  which 
turns  on  the  same  axis  as  the  lightii^  cam  wheel.  The  cam 
wheel  raises  a  ball  valve  to  allow  passage  of  gas.    To  prevent 


Fig.  1^. 

the  ratchet  returning  a  small  ball  rising  and  fallit^  in  a  short 
tube,  drops  between  the  rim  teeth  of  the  ratchet  and  acts  as  a 
st(q).     The  complete  operation  of  this  device  requires  three 
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pulsations,  and  by  changing  the  lighting  cam  all-night  and  mid- 
night lamps  may  be  operated  on  the  same  system. 
Lux  Lighter, 

See  Fig,  20.  This  type  of  lighter  operates  on  the  release  of 
an  increase  of  pressure  of  a  definite  amount  fpr  a  definite  time. 
The  apparatus  contains  two  diaphragms  with  a  helical  spring 
between.  On  small  increase  of  pressure  both  diaphragms  rise, 
lifting  a  series  of  levers  to  the  "set"  position.  A  small  orifice 
in  the  center  of  the  upper  diaphragm  permits  the  pressure 
between  the  diaphragms  to  fall  so  that  the  upper  diaphragm 
recedes  (the  lever  is  held  down  by  the  helical  sprii^).  As 
the  upper  diaphragm  recedes  the  lever  system  falls  and  the 
actuating  arm  turns  the  valve  1-6  of  a  turn.  This  valve  is  a 
combination  vertical  spindle  cone  and  piston  valve.  As  the 
cone  closes  the  main  gas  supply  the  piston  opens  the  pilot  line. 
The  casing  is  stamped  iron  and  the  entire  device  is  extremely 
light. 
PBBSSTIKE  WAVE  AlfS  CLOCK. 

Kilchmann  &  Gaulis  Lighter. 

See  Fig.  21.  This  apparatus  is  a  combination  of  a  simple 
pressure  lighter  and  clock.  On  the  increase  of  pressure  beyond 
a  certain  maximum  to  which  the  diaphragm  is  weighted,  the 
diaphragm  rises,  raising  a  trip  allowing  the  clockwork  to  move. 
A  cam  in  the  clockwork  raises  a  pin,  which  in  turn  raises  a 
lever.  This  lever  pushes  up  the  valve  rod.  The  valve  con- 
sists of  two  copper  balls  with  a  spacer  between,  which  are 
alternately  seated,  closing  main  or  pilot  way  separately.  A 
sprii^  above  the  upper  ball  keeps  the  main  gas  way  closed  until 
the  valve  rod,  acting  through  a  diaphragm,  raises  them.  The 
pilot  light  is  an  interior  blue  flame  pilot. 

Robson  Automaton  Lighter. 

See  Fig.  22.  This  apparatus  is  a  combination  pressure- 
wave  and  clock  lighter,  which  may,  by  changing  a  cam  wheel 
on  the  driving  shaft  be  set  to  operate  under  a  dozen  different 
conditions.  The  clockwork  drives  a  cam,  which  turns  the  cock 
of  the  ordinary  tapered  plug  type.    The  release  of  the  clock- 
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work  is  regulated  by  the  motion  of  a  varnished  silk  diaphragm 
(o)  which  moves  the  lower  end  of  the  lever  (i).  By  a  proper 
combination  of  the  weights  on  levers  (b)  (&*)  and  form  of 
cam  (d),  the  clockwork  may  be  made  to  operate  on  either  rise 
or  fall  of  pressure.  The  height  of  the  pressure  wave  may  be 
different  for  lighting  and  extinguishii^  or  the  apparatus  may 
engage  just  before  the  next  operation  or  immediately 
after  the  previous  operation,  whether  on  rise  or  fall 
of  pressure.     As  the  clockwork  will  run  for  four  weeks  before 


Fig.  M. 

rewinding,  very  little  attention  should  be  required.  The  power 
required  from  the  gas  pressure  need  be  sufficient  only  to  trip 
the  locking  levers.  By  removing  two  nuts  the  entire  clock- 
work may  be  detached  from  the  riser  for  examination. 

Criticisms  on  the  Construction  (md  Operation  of  Lighters. 

As  to  the  vital  and  weak  points  of  lighters,  let  it  be  first  said 
that  all  the  ills  to  which  any  piece  of  machinery  or  apparatus 
in  contact  with  gas  is  heir,  seem  to  be  intensified  in  the  auto- 
matic lighter.  Troubles  that  seem  minor  elsewhere  appear 
glaring  defects  in  an  ignition  device  or  an  automatic  controller. 
The  points  which  should  be  considered  in  a  criticism  are,  the 
ignition  device,  the  cock  or  valve,  the  source  of  power  and  the 
operating  mechanism. 
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The  ignition  device  may,  or  may  not,  be  a  vital  feature  of 
the  apparatus.  In  pyrophoric  or  catalytic  lighters  it  is  the 
main  feature.  For  the  remaining  types,  it  is  not,  as  a  rule,  a 
prominent  feature,  especially  where  pilots  are  used. 

Pyrophoric  igniters  are  subject  to  heat,  cold  and  moisture. 
When  wet  or  cold  their  operation  is  slow  and  imperfect  and 
in  some  cases  operation  is  impossible.  Heat  increases  their 
activity.  One  of  the  chief  disadvantages  of  their  use  is  that 
the  active  material  wears  out  and  must  be  replaced,  the  amount 
of  use  governing  the  length  of  time  of  service. 

Catalytic  lighters  have  many  virtues  and,  vice  versa,  many 
faults.  When  platinum,  or  palladium  black,  is  used,  the  same 
troubles  are  encountered  as  with  the  pyrophoric  alloy,  with  the 
additional  ones  of  fusion  and  evaporation.  The  active  life  of 
this  material  is  apparently  not  long  and  its  action  not  instan- 
taneous, as  from  6  to  15  seconds  are  required  on  an  averse 
from  the  first  gas  admission  to  ignition.  With  the  electro- 
catalytic  platinum  wire  type  the  situation  is  different  The  de- 
terioration disadvantage  is  shifted  from  the  ignition  device  to 
the  source  of  power — the  electric  battery.  As,  in  order  to 
avoid  burning  out  the  fine  wire,  the  electrical  balance  is  very 
carefully  established,  the  life  of  the  battery  determines  the 
continuous  operation  of  the  apparatus.  Cells  can  now  be  ob- 
tained that  show  a  life  of  over  a  year,  while  the  igniters  proper 
will  stand  over  60,000  ignitions.  Corrosion  of  contacts  is  a 
great  source  of  trouble  and  all  such  points  should  be  located 
where  they  can  be  easily  cleaned. 

Pilot  troubles  cannot  be  charged  directly  against  a  lighter, 
unless  the  cock  or  valve  used  governs  the  action  of  the  pilot. 
In  the  case  of  the  feature  where  the  pilot  is  extinguished  on 
ignition  of  the  main  burner,  very  often  the  action  of  the  valve 
is  so  quick  that  the  first  is  extinguished  before  the  second  is 
ignited.  Pilots  placed  inside  the  mantle  give  greater  satisfac- 
tion than  outside  pilots,  though  this  type  must  be  non-luminous 
or  mantles  will  carbonize.  Where  the  pilot  has  a  plug  cock 
adjustment  instead  of  a  needle,  the  tendency  for  drip  to  collect 
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and,  by  freezing,  stop  the  gas  way  in  cold  weather,  is  greatly 
increased. 

Cylindrical  plug  cocks  wear  down,  and  as  wear  cannot  be 
taken  up,  leaks  will  occur.  In  the  tapered  plug  type  where 
-  provision  is  made  for  automatically  taking  up  the  wear,  the 
friction  gradually  increases  and  the  torque  necessary  to  oper- 
ate is  consequently  increased.  Lubrication  of  plug  cocks,  espe- 
cially outdoors,  is  quite  a  problem.  In  cold  weather  the  drip, 
even  in  the  small  quantities  that  form,  will  dissolve  almost  any 
lubricant  used  in  about  a  month  or  six  weeks,  leaving  the 
cocks  dry  and  tight.  Indoors  this  action  requires  five  or  six 
months  to  cause  trouble.  Piston  valves  require  some  type  of 
packing  and  in  two  or  three  years  will  develop  a  permanent 
leak.  Cone,  plug  and  ball  valves  are  liable  to  become  corroded 
and  coated  so  that  they  do  not  seat  properly.  If  they  seat 
from  their  weight  alone,  small  foreign  particles  are  liable  to 
cause  leake^e  by  creating  an  eccentric  action.  Flap  valves 
require  greater  care  in  workmanship  to  ensure  tightness,  but 
if  well  made  their  action  is  good,  especially  if  the  valve  face  is 
vertical.  Rotary  disc  valves  are  probably  the  best  type  to  use, 
as  the  wearing  surface  is  constantly  self-cleaning  and  requires 
little  or  no  lubrication. 

In  pressure-wave  lighters,  the  life  of  the  diaphragm  is  of 
utmost  importance.  Their  tendency  to  harden  is  remarkable. 
If  the  material  be  of  poor  grade,  diaphragms  are  liable  to  al- 
most totally  disintegrate  before  any  serious  trouble  is  noted, 
while,  where  a  superior  grade  of  diaphragm  material  is  used, 
suitable  means  can  be  provided  for  lubricating  with  a  neutral 
oil.  Small  diaphragms  seem  more  subject  to  difficulties  than 
large  ones,  and  especially  so  if  in  continuous  contact  with  live 
gas  pressure. 

Clockwork  should  be  as  simple  as  possible,  and  separate 
means  should  be  provided  for  driving  the  timing  and  operating 
trains.  A  very  important  feature  should  be  a  definite  relation 
between  the  tripping  mechanism  and  the  clock  face  to  facilitate 
adjustment  in  use.   All  parts  that  are  liable  to  screw  up  and  bind 
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should  be  guarded  i^inst.  The  operating  mechanism  should 
contain  the  minimum  number  of  bearings  possible  and  be  posi- 
tive in  action. 

General  Summary  and  Conclusions. 

The  choice  of  the  type  of  distance  lighter  depends  almost 
entirely  on  local  conditions.  Where  the  system  is  greatly 
spread  out  and  the  location  of  lamps  scattered,  the  use  of 
clock  lighters  would  probably  be  most  satisfactory,  while  for 
more  or  less  congested  districts  the  pressure  wave  system  is 
more  in  order.  The  combination  of  pressure  wave  and  clock 
in  one  apparatus  merely  complicates  the  adjustment  and  the 
attention  required  of  each  type,  though  where  the  pressure  of 
the  gas  is  low  it  could  be  used  to  advantage  on  a  pressure-wave 
system. 

Clock  lighters  are  more  subject  to  weather  conditions  than 
the  pressure-wave  type  and  when  out  of  order  more  difficult 
to  adjust  and  repair.  They  are  independent  of  pressure  con- 
ditions, but  also  when  once  set  to  operate  at  a-  specified  time 
cannot  be  controlled  from  a  distance  in  case  of  emergency. 

In  the  problem  of  the  transmission  of  pressures  to  actuate 
pressure-wave  distance  lighters,  it  has  been  found  that  a  0.4  inch 
wave  will  travel  about  400  feet  per  second  in  a  30  inch  main 
and  350  feet  per  second  in  a  4  inch  main.  In  all  problems  of  this 
type  it  is  necessary  to  have  a  complete  pressure  control  of  the 
entire  district  from  one  point.  Waves  emanating  from  sources, 
such  as  outlying  or  separate  holder  stations,  could  easily  follow 
each  other  at  such  intervals  as  to  annul  the  effects  of  the  pre- 
vious wave.  Where  the  entire  distribution  system  is  fed  from 
a  number  of  scattered  holders,  it  would  be  necessary  to  confine 
the  range  of  each  holder  to  an  isolated  district,  if  pressure- 
wave  lighters  were  used. 

Pressure-wave  lighters  to  be  satisfactory  should  be  small, 
self  contained  and  selective  in  their  action.  Barrel  cocks, 
especially  those  of  taper  construction,  are  liable  to  stick  and 
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require  considerably  more  force  to  turn  than  can  be  obtained 
from  the  action  of  a  small  diaphragm,  or  even  by  clockwork. 

When  one  considers  that  from  a  3  inch  diaphragm  with  a  4 
inch  water  pressure  the  total  available  force  is  only  gw  X  -579 
—  16.5  oz.  or  about  one  pound  acting  on  a  very  short  leverage, 
it  is  readily  seen  how  an  only  ordinarily  tight  plug  cock  would 
prevent  proper  operation.  One  solution  of  this  lies  in  the  use  of 
one  of  the  numerous  types  of  cocks  in  which  friction  is  more 
or  less  negligible.  Another  is  the  use  of  higher  pressures  in 
the  distribution  mains,  under  which  conditions  also  the  slight 
increase  in  pressure  necessary  to  start  operating  mechanism 
would  be  a  smaller  percentage  of  the  whole. 

There  are  various  types  of  cocks  or  valves  available  that  are 
not  only  tight  but  afford  little  friction  in  their  movement.  Mer- 
cury seals  should  be  avoided,  owing  to  their  corrosive  action. 
All  evaporative  seals  cause  more  or  less  trouble  if  not  regularly 
inspected.  All  operative  parts  should,  as  far  as  possible,  be 
removed  from  contact  with  the  gas;  as  it  generally  causes 
corrosion.  The  action  of  the  apparatus  should  be  selective, 
should  respond  to  only  a  certain  type  of  impressed  wave  and 
should  not  be  affected  by  gradual  rise  or  fall  in  pressure,  due 
to  normal  operating  conditions.  The  ideal  perfect  lighter 
should  have  almost  human  intelligence  and,  like  the  Sun  valve 
in  use  with  acetylene  lighting  in  the  Lighthouse  Service,  turn 
itself  on  and  off  at  a  certain  predetermined  minimum  intensity 
of  illumination. 

In  spite  of  all  the  handicaps  inherent  to  the  problem  of  auto- 
matic and  distance  ignition,  considerable  success  has  been  ob- 
tained in  England  and  Germany  with  both  clock  and  pressure 
wave  systems  in  addition  to  the  financial  profit  incident  to  their 
installation  in  saving  of  gas  and  labor  charges. 

The  Chairman:  Gentlemen,  we  have  just  listened  to 
another  excellent  paper  and  it  is  now  open  for  discussion. 
Mr.  Gould,  we  would  enjoy  very  much  having  you  open  the 
discussion  on  this  paper. 


D.gnzed  by  Google 


38o 

Mr.  J.  A,  Gouuj;  I  received  a  request  to  speak  on  this  so 
late  that  I  did  not  have  all  the  data  at  hand,  so  I  would  rather 
not  speak  at  all  about  it.    I  am  not  prepared. 

The  Chairuan  :  This  is  a  paper,  gentlemen,  in  which  we 
are  all  greatly  interested. 

Mr.  E.  C.  Jones  (San  Francisco) :  My  experience  is  not 
recent  enough  to  be  of  any  value.  That  is,  it  is  lO  or  12  years 
ago,  and  the  evolution  and  improvement  in  the  art  has  been 
such  that  it  would  be  too  old  fashioned. 

Mr.  R.  C.  KELI.OGG :  I  would  like  to  ask  Mr.  Gilpin 
whether  or  not  there  have  been  any  experiments  conducted  on 
automatic  lighting,  using  that  Swedish  invention  which  is 
used  in  buoys  and  light  houses  and  inaccessible  places  alot^ 
the  sea  coast,  where  they  have  an  automatic  valve  that  opens 
at  sunset  and  closes  at  sunrise,  using  acetylene  gas. 

Mr.  F.  H.  Gilpin  :  I  have  seen  the  valve  and  I  understand 
it  is  not  used  on  the  buoys.  They  use  the  patent  valve,  but 
the  sun  valve  is  only  used  where  the  light  is  permanently 
tixed,  not  on  the  buoys. 

Mr.  R.  C.  Keixogc  :    So  they  can  get  at  it  ? 

Mr.  F.  H.  Gilpin  :     I  do  not  know  what  the  reason  is. 

Mr.  R.  C.  Kellogg:  I  know  they  have  them  all  over  the 
Swedish  coast. 

Mr.  F.  H.  Gilpin  :  They  are  a  beautiful  piece  of  mech- 
anism. 

Mr.  E.  C.  Jones:  One  matter  in  my  experiment  in  this 
form  of  light,  several  years  ago,  may  be  interesting,  and  that 
is  I  found  in  using  platinum  black  for  the  mica  that  if  the 
button  of  the  platinum  black  was  placed  in  the  main  burner 
often  times  it  would  fail  to  act,  and  the  flame  of  the  burner, 
and  particularly  the  radiant  heat  of  the  flame,  would  reduce 
the  activity  of  the  substance.  I  found  that  by  using  a  stopper 
bar  through  which  a  by-pass  hole  was  built  the  button  on  the 
stop  bar  provided  a  small  pipe  well  out  of  the  way  of  the 
main  burner,  so  when  the  stop  cock  opened  the  gas  flows 
first  through  the  by-pass  pipe  and  the  jet  of  gas  impinged 
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upon  the  button  and  ignites,  and  as  the  battery  on  the  stop 
cock  is  open  it  is  ready  to  ignite  the  main  burner,  and  then  by 
fully  opening  the  stop  cock  the  pilot  is  shut  off.  It  was  rather 
an  ingenious  device. 

Mr.  F.  H,  Gilpin  (Philadelphia)  :  That  is  the  same  prin- 
ciple as  the  D'Arsi  one.  There  is  probably  not  much  infor- 
mation from  actual  experience  in  this  country,  because  auto- 
matic lighters  are  practically  new.  There  are  BOt  enough  of 
them  in  any  one  town  for  anyone  to  obtain  information  that 
would  be  of  value  to  anybody  else.  Local  conditions  affect 
the  results  greatly. 

The  Chairman  :  Are  there  any  questions  that  you  would 
like  to  ask  Mr.  Gilpin  ? 

Mr.  Jos.  P.  Kane  (Port  Chester,  N.  Y.) :  I  would  like  to 
ask  what  method  of  inspectii^  and  replacing  defective  mantles 
is  used  where  the  system  is  in  use. 

Mr.  F.  H.  Gilpin:  Which  system  in  particular?  The 
automatic  lightings? 

Mr.  Jos,  P.  Kane:     The  automatic  lighting. 

Mr.  F.  H.  Gilpin  :  The  information  at  hand  does  not  come 
from  any  large  experience  of  individual  experimenters.  I 
presume  the  method  would  be  the  same  as  any  other  mantle 
street  lighting  system.  Of  course,  you  would  have  to  clean 
the  globes  and  replace  broken  chimneys  and  mantles,  although 
it  is  claimed  that  the  mantle  breakage  is  much  less.  There  is 
a  great  saving  in  mantle  breakage,  and  you  save  8^  per  cent, 
of  the  gas  by  instantaneous  ignition. 

Mr.  J.  D.  Shattuck  (Chester,  Pa.)  :  I  think  adopting  this 
system  practically  means  sending  one  lamp-lighter  over  the  en- 
tire district  on  a  motor  cycle  to  look  out  for  defective  mantles 
and  lamps.  We  have  been  experimenting  with  z  or  3  clocks  for 
several  years,  and  finally  adopted  one,  equipping  27  lamps  with 
these  clocks.  We  expect  to  gradually  extend  their  use,  getting 
our  experience  as  we  go  along.  We  do  not  seem  able  to 
find  anyone  who  has  used  clocks  long  enough  to  give  us  any 
absolute  guarantee  of  success. 
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Mr.  Walton  Forstall:  I  would  like  to  ask  Mr.  Gilpin 
whether  as  a  result  of  the  investigation  he  has  made  on  these 
various  forms  of  automatic  and  distance  lighters  he  would 
be  willing  to  equip  any  large  system  of  street  lamps  with  any 
of  the  forms  that  he  has  investigated,  without  mentioning 
the  names. 

Mr.  F.  H.  Gilpin  :  I  think  it  would  be  a  safe  proposition. 
Your  local  conditions  will  affect  it,  what  your  labor  chai^^ 
are,  and  what  your  lighting  hours  are. 

Mr.  Walton  Forstall;  Then  as  I  understand  it,  it  is 
purely  a  question  of  expense.  There  are  on  the  market  i  or  2 
systems  of  lighters.  If  it  turns  out  you  believe  you  will  save 
money  by  any  change  you  might  make  you  can  depend  on 
these  lighters  to  do  the  work  they  claim. 

Mr.  F.  H.  Gilpin  :  There  are  several  lighters  on  the 
market  that  will  give  less  than  2,  and  probably  not  more  than 
I  per  cent,  failures.  That  has  been  found  by  actual  test  of 
installations  of  500  or  more  abroad.  Now,  that  was  several 
years  ago,  and  there  have  been  many  improvements  since 
then. 

Mr.  M.  H.  SpSab  (Flushing,  N.  Y.) :  I  should  like  to  ask 
if  there  is  any  city  or  large  town  that  is  fully  equipped  with 
these  distance  lighters  ? 

Mr.  F.  H.  Gilpin:     In  America? 

Mr.  M.  H.  Spear  :     Yes,  in  the  United  States. 

Mr.  F.  H.  Gilpin  r  I  don't  know  of  any  towns  that  have 
a  very  lai^e  number.  I  have  seen  them  in  quite  a  number 
of  towns,  and  some  of  them  have  been  put  in  quite  recently. 
.  In  the  last  6  months  I  have  noticed  them  in  a  great  many 
places.  I  had  not  noticed  them  before.  Abroad,  in  some 
German  towns,  they  have  pressure  lighters,  particularly  on 
the  Bamag  system.  That  is  not  very  satisfactory  here.  They 
are  very  well  satisfied  with  them.  They  claim  considerable 
saving  per  annum  on  the  lamps.  The  types  mentioned  in 
those  cities  I  have  not  seen  mentioned  here  in  American  pub- 
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lications.  They  seem  to  be  exclusively  of  the  British  or 
German  type,  and  they  seem  to  remain  there. 

Mr.  Frank  F.  Tripp  (Newton,  Mass.)  :  The  city  of  New- 
ton, Mass,  is  entirely  equipped  with  those  lamps.  I  think  they 
have  1,042  in  operation  for  the  last  3  years,  and  so  far  they 
have  been  very  successful. 

Mr,  E.  C,  JONfis :  What  is  the  type  of  lighting  apparatus 
used? 

Mr.  F.  F.  Tbipp  :    Clark,  with  the  pilot  light  attached. 

The  Chairman:  What  kind  of  gas  have  you:  water  or 
coal  gas? 

Mr.  F.  F,  Tripp  :    Water  gas,  the  same  as  in  Boston. 

Mr.  J.  A.  Gould  :    It  is  a  mixed  gas. 

Mr.  Theodore  Bunker  (Paterson,  N.  J.)  :  I  intended  to 
speak,  but  the  last  speaker  has  entirely  knocked  the  wind  out 
of  my  sails  by  stating  that  he  has  an  installation  of  1,000  lights 
operating  satisfactorily  with  a  clock  mechanism.  I  was  going 
to  tell  of  our  experience  in  Paterson  with  an  installation  of 
400  clocks,  which  proved  unsatisfaotory.  They  worked  well 
during  the  summer  months,  but  in  the  winter  we  had  a  great 
deal  of  trouble.  The  increment  of  saving  is  so  small  and 
the  number  of  expert  clockmakers  required  at  night  to  keep 
the  mechanism  in  order  so  great  that  we  found  we  were  los- 
ing money  and  removed  the  clocks. 

Mr.  Jones:  Out  in  California  we  have  a  rule  that  lanterns 
shall  always  be  kept  clean.  That  does  not  mean  once  a  week 
or  once  a  month.  It  means  all  the  time.  And  out  there  we 
have  what  are  erroneously  called  trade  winds  in  the  summer, 
and  a  good  deal  of  dust  is  carried  with  these  winds,  and 
sometimes  it  is  necessary  to  clean  the  globes  every  day, 
sometimes  once  a  week,  and  sometimes  twice  a  week,  but  I 
think  with  the  automatic  contrivance  there  ought  to  be  an 
automatic  lantern  cleaning  device,  and  an  inspectii^  device 
to  record  the  conditions  of  the  mantles  and  the  glassware. 
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Mk.  C.  O.  Bond  (Philadelphia)  :  It  might  be  interesting 
to  Mr.  Jones  to  say  that  the  same  complication  is  present  on 
the  electric  light. 

Mr.  E.  C.  Jones  :  I  do  not  know  anything  about  electric 
lightii^. 

The  Chairman  :  If  there  is  nothing  further  we  will  ask 
Mr.  Gilpin  to  close  the  discussion. 

Mr,  F.  H.  Gilpin  :  I  think  I  have  answered  most  of  the 
questions,  but  might  say  in  closing  that  90  per  cent,  of  the 
troubles  you  find  with  automatic  lighters  is  due  to  the  cock; 
the  cock  will  stick  or  get  gummed  up  and  will  not  operate,  or 
something  like  that,  but  if  the  cock  mechanism  is  all  right, 
the  l^hter  mechanism  generally  works  all  right 

The  Chairman  :  Mr.  A.  D.  Whittaker  is  the  author  of 
the  next  paper  and  he  finds  it  very  difficult  to  be  in  two  places 
at  once.  At  the  present  time  he  is  engaged  in  discussion  in 
the  meeting,  Section  A,  so  we  are  going  to  impose  upon  Mr. 
Forstall's  good  nature  again  and  ask  him  if  he  will  kindly 
present  the  abstract  prepared  by  Mr.  Whittaker. 

(Mr.  Forstall  then  presented  abstract  of  Mr.  Whiltaker's 
paper  on  "Organization  and  Equipment  For  and  the  Method 
of  Handling  Street  Leaks.") 

Mr.  Alan  D.  Whittaker  (Atlanta.  Ga.)  ; 
ORGANIZATION  AND  EQUIPMENT  FOR  AND  THE 
METHOD  OF  HANDLING  STREET  LEAKS. 

Absttact. — The  methods  employed  in  caring  for  street  leaks  in  Bos- 
ton, Chicago,  New  York,  Philadelphia  and  St.  Paul  are  given  in  detail. 
All  of  these  cities  are  divided  into  districts  with  a  shop  in  each  dis- 
trict; in  some  cities  a  man  is  sent  to  the  scene  of  the  complaint,  either 
to  do  what  he  can,  and  to  telephone  for  assistance  if  necessary,  or  in 
other  places  to  report  to  the  office  and  if  necessary  obtain  instructions. 
In  New  York,  an  emergency  automobile  with  a  full  equipment  of  tools 
and  men  is  rushed  to  the  spot.  As  a  rule  no  special  crew  is  kept  on 
duty,  the  location  of  all  street  gangs  being  kept  on  file  at  the  office 
so  that  men  may  be  collected  as  needed. 

It  does  not  appear  to  be  the  rule  to  keep  emergency  gangs  on  duty 
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all  night,  3.a  in  all  the  towns  mentioned  except  Boston  the  method  is 
to  notify  the  men  at  their  homes  when  their  services  are  required.  In 
Philadelphia  a  reg:ular  detail  of  men  is  notified  to  remain  at  home  all 
night  to  be  ready  in  case  of  necessity. 

The  organization  of  the  force,  the  duties  of  superintendents,  fore- 
men and  others,  methods  of  handling  orders,  etc..  are  described  for 
each  city  in  great  detail. 

The  course  of  the  mariner  is  beset  with  uncharted  rocks, 
floating  derelicts  and  icebergs ;  the  railroad  engineer  faces  pos- 
sibilities of  broken  rails  and  open  switches;  the  gas  engineer 
must  ever  be  alert  against  the  dangers  of  leaking  gas. 

As  the  mariner  must  pay  great  heed  to  the  wireless  message 
that  warns  him  of  the  icebergs,  as  the  engineer  must  not  close 
his  eyes  to  the  horizontal  semaphore,  so  the  gas  engineer  must 
r^ard  the  report  of  a  leak  as  something  that  takes  precedence 
over  all  other  affairs.    It  is  a  bomb  with  a  time  fuse. 

No  matter  how  many  false  alarms  come  in  each  new  leak 
reported  must  be  regarded  as  the  one  that  is  going  to  devastate 
life  and  property. 

Every  one  in  the  gas  company's  organization  from  janitor  to 
president  should  know  exactly  what  to  do  with  a  leak  com- 
plaint should  it  come  by  chance  to  him. 

It  is  through  the  public  that  we  get  reports  of  leaks.  Fortu- 
nately the  public  is  prone  to  report  gas  leaks.  Of  course,  they 
overdo  the  matter,  and  a  large  bill  is  often  the  cause  of  an 
excited  telephone  message  about  a  big  leak.  But  it  is  well  to 
accept  lots  of  chaff  with  the  wheat,  for  we  should  in  no  way 
discourage  this  tendency  to  report  leaks,  imaginary  or  real. 

Careful  questioning  by  the  complaint  clerk  who  receives  the 
notice  over  a  telephone  can  eliminate  a  good  deal  of  uncer- 
tainty. However,  it  is  not  a  time  to  take  anything  for  granted, 
and  someone  from  the  gas  company  must  get  on  the  ground 
quickly  with  sufficient  equipment  to  locate  the  leak  and  st<^ 
it  or  rob  it  of  its  danger  to  life  or  property. 

How  this  is  done  is  best  described  by  the  reports  received 
from  several  of  the  larger  cities.    These  reports  are  presented 
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here  in  full  and  it  is  to  the  courtesy  of  the  gentlemen  who  pre- 
pared these  reports  tltat  the  members  of  the  Institute  arc 
enabled  to  have  this  important  matter  so  brought  before  them. 

Smaller  cities  cannot  carry  the  organization  described  in 
these  reports.  However,  it  should  be  arrai^d  in  any  size  of 
town  that  someone  in  authority  should  be  informed  of  a  leak 
any  time  day  or  n^ht. 

If  there  is  no  night  complaint  man  on  duty  all  night,  the 
telephone  operator  can  receive  such  complaints.  If  there  is 
no  night  telephone  operator,  arrangements  can  be  made  with 
the  central  telephone  exchange  to  call  up  the  superintendent 
or  any  employee  designated.  The  police  and  fire  department 
also  make  possible  satisfactory  arrangements  for  notifying  (he 
proper  person. 

Very  fair  emei^ency  equipment  can  be  kept  even  by  very 
small  plants,  if  the  matter  is  given  careful  consideration. 

How  to  get  the  men  out  and  the  tools  to  the  job  are  details 
on  which  the  superintendent  can  exercise  his  executive  ability 
and  get  results  with  equipment  that  at  first  might  seem 
hopeless. 

Readiness  to  repair  leaks,  of  course,  must  not  take  the  place 
of  the  most  careful  construction  work. 

It  is  very  proper  to  have  men  and  equipment  to  handle  leaks 
if  they  develop,  but  no  leaks  should  ever  occur  from  faulty 
work. 

The  leaks  that  we  prepare  for  should  be  caused  by  forces 
beyond  our  control. 

Organization  and  Equipment  for  and  Methods  of 
Handling  Street  Leaks. 

By  Boston  Consolidated  Gas  Company. 

Division  of  Territory. 

The  territory  is  divided  into  6  distribution  districts.  These 
districts  being  practically  identical  with  the  districts  supplied 


D.gnzed  by  Google 


by  the  6  independent  distributing  companies  that  were  con- 
solidated into  the  present  company. 

In  each  of  these  6  territories  a  main,  service  and  jobbing 
force  is  maintained  which  handle  all  complaints  in  their  several 
districts. 

Each  local  ofhce  has  a  telephone  connection  with  the  public 
exchange  and  a  private  line  connected  to  switchboard  in  the 
main  office  at  24  West  Street,  where  operators  are  on  duty  all 
the  time. 

Course  of  Leak  Order. 

When  the  report  of  leak  is  received  by  the  telephone  opera- 
tor, she  immediately  plugs  in  the  con:q>Iaint  telephone  of  the 
jobbing  office  and  the  details  of  the  complaint  are  received  by 
the  clerk  in  that  office.  A  leak  ticket  is  made  out,  stamped 
with  a  time  stamp,  and  is  immediately  given  to  a  local  jobber 
or  is  transmitted  by  private  telephone  to  the  proper  suburban 
jobbing  office. 

A  memorandum  of  the  ctmiplaint  is  recorded  in  the  leak 
record  book,  and  if  the  complaint  comes  from  an  outside  dis- 
trict, a  copy  of  the  leak  ticket  is  sent  to  the  office  in  that 
district. 

The  Jobber's  Pari. 

A  jobber  starts  for  the  location  of  the  leak  as  soon  as  the 
complaint  is  received.  If  he  hnds  it  to  be  a  street  leak,  he 
immediately  telephones  for  the  emergency  gang  of  the  main 
department  who  locate  and  stop  the  leak. 

In  the  meantime  the  jobber  ventilates  the  building  where  the 
complaint  originated,  inspects  adjacent  buildings,  collects  data 
for  an  accident  report  if  there  should  be  any  complaint  of 
sickness,  and  remains  on  the  job  till  all  danger  is  past. 

If  there  is  good  evidence  on  the  first  complaint  that  the  leak 
comes  from  the  street,  a  gang  from  the  main  department  may 
be  sent  immediately  without  waiting  for  the  report  of  the 
jobber,  but  a  jobber  is  sent  in  every  case. 
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Night  Jobbers. 

At  the  main  oBice  and  one  other  district,  jobbers  are  on  the 
floor  all  night,  while  in  four  districts  they  are  on  the  floor  till 
lo  F.  M.  and  sleep  in  the  building  after  that  hour,  subject  to 
call. 

The  men  take  their  turns  on  night  duty  in  rotation,  serving 
one  week  every  month  in  most  cases. 

A  night  watchman  wakes  the  men  when  a  complaint  is 
received,  except  in  one  office  where  the  men  are  roused  by  the 
telephone  gong. 

On  Sundays  and  holidays  the  men  also  serve  in  rotation. 
Street  Emergency  Men. 

The  organization  of  the  emergency  men  of  the  street  depart- 
ment in  different  districts  varies  according  to  local  conditions. 

In  the  city  proper  there  are  day  emergency  gangs  of  four 
men  maintained  at  three  different  points  and  at  least  one  night 
gang  throughout  the  year,  with  a  second  night  gang  when  con- 
ditions require  it 
Night  Emergency  Men. 

One  night  gang  is  on  duty  through  the  year  to  cover  two 
adjacent  districts  which  are  semi-suburban,  and  men  are 
always  available  during  the  day  at  the  local  headquarters  of 
both  districts. 

In  the  three  suburban  districts  no  night  emergency  men  are 
maintained  during  the  summer,  and  not  always  during  the 
winter,  depending  upon  the  character  of  the  winter. 

The  night  emergency  work  in  these  districts  is  well  handled 
by  calling  men  living  close  to  the  local  offices,  and  there  are 
always  men  available  during  the  daytime.  On  holidays  a  gang 
is  maintained  at  al!  the  local  headquarters,  as  otherwise  it 
would  be  difficult  to  call  in  a  gang  if  needed. 

If  one  district  where  the  tendency  was  for  the  men  to  move 
from  the  vicinity  of  the  local  office  to  secure  cheaper  rents,  we 
have  made  it  an  inducement  for  a  few  men  to  remain  and  hold 
themselves  in  readiness  for  emergency  calls  by  paying  them 
$5.00  per  month  extra. 
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Equipment. 

Our  equipment  for  handling  leaks  is  less  elaborate  than  in 
some  companies.  By  working -frtmi  6  centers -the  transporta- 
tion problem  is  greatly  reduced. 

We  have  not  adopted  automobiles  for  emergency  work 
except  In  so  far  as  the  superintendents'  machines  are  used, 
but  still  depend  upon  horses. 

In  the  city  proper,  with  emergency  men  at  three  points, 
they  can  reach  the  trouble  quickly  on  foot,  but  the  superin- 
tendent's touring  car  helps  in  a  real  emergency  and  in  trans- 
ferring men  from  one  job  to  another. 

At  the  station  where  one  night  gang  looks  after  two  dis- 
tricts, there  is  an  emergency  team  always  ready  to  transport 
the  men. 

At  the  three  outside  stations  a  horse  must  be  harnessed  by 
the  watchman  when  the  call  is  at  a  distance  from  the  stable. 

Both  jobbers  and  street  men  are  furnished  electric  flash- 
lights. 

From  the  above  you  will  note  that  different  districts  require 
different  oiganizations. 

We  look  after  935  miles  of  mains  but  our  troubles  are 
mostly  concentrated  in  certain  congested  districts. 

The  building  of  a  double  system  of  sewers  and  numerous 
subways  is  a  great  source  of  trouble  in  our  mains,  added  to 
the  fact  that  a  large  part  of  Old  Boston  is  made  land  on  a 
mud  foundation. 

J.  A.  Gould, 
Engineer  of  Distribution. 

Method  of  Handling  Street  Leaks  in  Chicago. 
Division  of  City. 

The  City  of  Chicago  is  divided  into  four  divisions,  con- 
forming to  natural  geographical  boundaries. 
Supervision  of  Leak  Work. 

The  supervision  of  leak  work  is  conducted  by  the  regular 
street   department    organization,    the    overhead    organization 
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being  as  follows :  the  general  superintendent,  the  assistant  gen- 
eral superintendent,  and  the  superintendent  of  mains  and  ser- 
vices, with  headquarters  in  the  main  office.  Each  division  is 
under  the  direct  supervision  of  a  superintendent,  and  an  assist- 
ant superintendent.  The  superintendent  of  pressures,  with 
headquarters  in  the  main  office,  is  also  in  the  street  department 
organization  with  respect  to  the  main  system. 

Main  System. 

The  main  system  is  divided  into  two  parts,  feeder  lines  and 
low  pressure  distribution  mains,  gas  being  transferred  from 
the  feeder  lines  to  the  distribution  system  through  district 
governors. 

Shop  Records  and  Messenger  Service. 

Every  opening  in  the  street,  whether  made  for  the  repairing 
of  a  main  or  not  is  reported  on  a  regular  main  ticket  which  is 
filed  away  in  the  main  office  as  a  matter  of  record. 

In  each  division  shop  there  is  originated  a  sheet  showing 
the  location  of  each  gang,  whether  it  be  a  main  or  service  gang, 
and  a  copy  sent  to  the  main  office.  In  the  event  of  an  emergency 
arisii^  which  requires  the  services  of  workmen,  a  gang  in  the 
vicinity  of  the  trouble  can  be  reached  by  motorcycle  or  by 
other  means  if  they  are  known  to  be  out  of  reach  of  a  tele- 
phone, and  sent  to  the  scene. 

Force  of  Men  on  Duty. 

There  are  no  special  leak  repair  gangs  on  duty  at  any  time, 
either  day  or  night.  The  regular  force  of  men  is  sufficient  to 
take  care  of  any  emergency  which  may  occur  during  the  day. 
During  the  night,  men  who  live  in  the  vicinity  of  the  break  or 
leak  can  be  either  quickly  notified  by  telephone,  or  picked  up 
by  the  emei^ency  truck.  All  of  the  men  are  subject  to  call 
any  time  during  the  day  or  night,  Sunday  and  holidays  not 
excepted. 

Feeder  Lines. 

The  feeder  lines  are  regularly  patrolled,  every  point  being 
covered  two  or  three  times  each  week.    By  this  means  a  close 
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watch  is  maintained  and  in  many  cases  trouble  avoided  by  con- 
ditions being  reported  before  they  become  serious.  These 
men  walk  over  the  main,  and  raise  manhole  and  catch  basin 
covers,  in  order  to  detect  any  odor  of  gas  in  the  immediate 
vicinity  of  these  lines.  They  investigate  any  instances  which 
mi^t  indicate  a  leak,  and  report  the  condition  of  the  line  to 
the  superintendent  of  the  division  at  the  close  of  the  day. 

Handling  Leaks. 

If  a  leak  is  discovered  during  the  daytime  by  the  feeder 
line  patrol,  he  immediately  telephones  to  the  division  shop, 
giving  all  details.  The  shop  notifies  him  of  the  location  of 
the  nearest  gang,  and  either  instructs  him  to  go  for  the  gang 
himself  if  it  is  in  his  immediate  vicinity,  or  if  it  is  too  far 
away,  instructs  him  to  act  as  a  watchman  until  other  men  get 
there.  In  the  latter  case,  if  the  gang  can  be  reached  by  tele- 
phone, this  method  is  employed,  or  if  no  telephone  communi- 
cation be  possible  a  man  is  sent  on  a  motorcycle  to  notify 
them.  It  may  be  that  neither  of  these  methods  are  practicable, 
in  which  event,  the  emergency  truck  is  sent  to  gather  up  a 
gang,  and  carry  them  to  the  location  of  the  leak. 

The  superintendent  of  the  division  notifies  the  general  super- 
intendent and  goes  to  the  scene.  The  latter  notifies  the  super- 
intendent of  mains  and  the  superintendent  of  pressures,  the 
former  going  to  the  location  of  the  leak,  the  latter  making  all 
arrangements  to  shut  down  the  line  if  this  becomes  necessary. 

The  first  gang  to  arrive  at  the  location  ventilates  the  sur- 
roimding  vaults,  catch  basins,  etc.,  and  locates  the  leak.  If 
on  the  arrival  of  the  superintendent,  the  leak  is  found  to  be 
of  such  magnitude  as  to  establish  it  as  coming  from  the  feeder 
line,  and  requires  immediate  action,  steps  are  taken  to  reduce 
the  pressure  in  that  section  of  the  line.  After  the  pressure  is 
reduced,  di^ng  is  started,  the  emergency  truck  having  gathered 
enough  men  for  the  purpose.  The  leak  is  then  repaired  in  the 
usual  way.  If  the  leak  is  not  of  such  magnitude  as  to  require 
the  shutting  down  of  the  line,  the  leak  is  repaired  as  in  a  low 
pressure  main. 
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If  the  report  of  the  leak  is  made  to  the  main  ofBce,  the 
division  shop  is  notified,  the  same  procedure  beit^  carried  out 
as  in  the  previous  case. 

If  the  leak  is  reported  to  the  main  office  on  Sundays,  holi- 
days or  at  night,  the  division  shop  is  immediately  notified.  The 
general  superintendent  and  the  superintendent  of  mains  are 
called,  and'if  the  leak  is  of  such  size  as  to  warrant  their  pres- 
ence, they  immediately  go  to  the  location.  If  it  is  not  of 
sufficient  size  to  need  their  presence,  they  keep  in  touch  with 
the  work  by  telephone.  The  emergency  truck  and  the  telephone 
are  used  to  gather  the  men,  the  leak  being  handled  as  in  the 
first  case.  If  the  leak  occurs  at  ni^t,  temporary  repairs  are 
made  at  that  time,  permanent  repairs  being  postponed  until 
daylight. 
Equipment. 

The  emergency  truck  carries  all  emergency  equipment,  this 
includii^  valve  keys,  shovels,  picks,  bars,  sledges,  caulking 
tools,  pulmotor  and  rescue  apparatus,  life  belts,  etc.  If  it  is 
necessary  to  procure  more  tools,  the  truck  readily  runs  to  the 
shop  and  brii^s  them  out.  It  also  carries  electric  ditch  lights 
for  night  work. 
Special  Conditions  Mel  with  in  Winter. 

Barring  frost,  the  same  conditions  are  met  with  as  at  all 
other  times,  the  same  procedurie  of  handling  leaks  being 
carried  out.  The  winter  brings  more  broken  drip  standpipe, 
services  and  mains  than  does  the  other  seasons,  but  beyond 
the  use  of  frost  wedges,  the  same  apparatus  and  tools  are 
used  as  in  the  other  seasons  of  the  year. 

Method  of  Handling  Street  Leaks  in 
New  York  City. 
Division  of  Territory. 

The  borough  of  Manhattan  contains  about  1,500  miles  of 
mains  and  130,000  services.  It  is  divided  into  three  separate 
and  distinct  street  department  districts,  and  the  division  has 
been  so  made  that  each  district  contains  approximately  an 
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equal  mileage  of  mains  and  an  equal  number  of  services. 
Each  district  is  under  the  charge  of  a  superintendent  and  an 
■  assistant.  In  each.district  there  is  a  general  foreman,  who  has 
supervision  of  all  the  work.  He  is  provided  with  an  electric 
automobile,  so  that  he  is  enabled  easily  to  cover  his  entire 
district  every  day- 
Each  district  is  divided  into  a  number  of  sub-districts,  and 
each  sub-district  is  in  charge  of  a  district  foreman.  The  dis- 
trict foreman  is  responsible  to  the  general  foreman  for  all 
work  performed  in  his  sub-district. 
Sources  of  Leak  Complaints. 

As  a  general  proposition,  leak  reports  to  the  office  (com- 
monly by  telephone)  are  made  by  our  patrolmen,  policemen, 
or  citizens.  Immediately  on  the  receipt  of  such  a  report  the 
emergency  automobile  is  sent  to  the  location.  During  r^fular 
working  hours  there  is  no  specially  detailed  "emergency  crew," 
but  the  chauffeurs  of  the  emergency  automobiles  are  pro- 
vided with  lists  of  the  locations  in  their  districts  at  which  work 
is  being  performed,  and  on  their  route  to  the  leak  they  pick  up 
a  foreman  and  three  or  four  workmen. 
Collecting  Extra  Men. 

If  on  arrival  at  the  leak  it  is  found  to  be  serious,  addi- 
tional men  are  summoned  and  despatched  in  an  emergency 
auto.  When  the  leak  has  been  attended  to,  the  chauffeur  of 
the  emei^ency  car,  before  returning  to  the  garage,  telephones 
the  office  to  ascertain  if  any  further  leaks  have  been  rq)orted, 
and,  if  there  have  been,  the  car  proceeds  directly  to  the  prem- 
ises and  the  necessary  repairs  are  made.  During  nights  and 
Sundays  and  holidays  each  emergency  car  is  assigned  to  a 
gang  of  men  tmder  a  competent  foreman.  The  chauffeurs  have 
a  list  of  all  the  workmen  in  their  respective  districts,  and 
should  a  leak  be  so  serious  as  to  require  additional  men,  they 
may  be  obtained  by  summonlt^  them  from  their  homes. 
Emergency  Automobile. 

I    enclose    several    photc^aphs    of    our    emergency    cars, 
t(^;ether  with  a  list  of  tools  and  equipment. 
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No  leak.  Fire  caused  by  Edi- 
son burnout. 

Shut-off  Btop-cock  supplying 
gas  engine ;  leak  at  hose. 

Strong  smell  of  gas  from  street. 
Will  dig. 

Locked  stop-cock  on  cooker  on 
top    floor.      Leak    at   thumb 

Left  man  to  meet  subway  peo- 
ple. 

Secured  i}i  inch  service,  corro- 
ded in  coal  chute. 

Locked  30  tt.  con.  meter  in  cel- 
lar     Fixtnre  broken. 

Secured  leaks  at  outlet  cone,  3  It. 
con.  and  inlet  cone  of  10.  It. 
con,  meters  in  cellar. 

Tightened  inlet  coupling  on  30 
It.  con.  meter  in  cellar. 

Slight  smell  coming  through 
electric  light  post  and  in  man- 
hole on  N.  W.  cor.  will  hold. 

Slight  smell  coming  through 
electric  light  post  and  in  man- 
hole on  ^.    E.    cor.    stuffed 
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Night  Emergency  Service. 

Daring  the  hours  from  5  p.  m.  to  9  a.  m.  the  emergency 
service  is  under  the  charge  of  two  night  superintendents ;  and 
on  Sundays  and  holidays,  during  the  daytime,  one  of  the  dis- 
trict superintendents,  the  assistant  general  superintendent,  or 
the  engineer  of  the  department,  is  on  duty  in  the  main  office — 
in  regular  rotation. 

Daily  Reports. 

Each  day  the  districts  send  to  the  main  office  a  rqwrt  of  the 
emergency  calls  on  the  day  preceding,  noting  thereon  the  work 
performed.  All  the  leaks  noted  on  the  report  are  not  street 
leaks,  but  it  is  our  practice  to  send  out  the  car  in  every  case 
of  a  leak  of  whatever  character. 

I  enclose  a  specimen  of  one  of  these  daily  reports. 

Supervision  of  Leak  Work. 

Now,  with  respect  to  supervision  of  leak  work.  By  means 
of  the  daily  emergency  report  the  main  office  is  kept  well 
informed  of  just  what  leak  work  is  being  done.  Furtfier,  the 
assistant  general  superintendent  of  mains  and  the  engineer  of 
the  department  cover  all  the  work  in  progress  in  the  entire 
city  quite  thorou^y.  Of  course  it  is  impossible  for  them 
to  make  a  daily  inspection  of  all  the  work,  but  the  branch 
superintendents  and  their  assistants  cover  every  job  in  their 
respective  districts  each  day,  as  do  also  the  general  foremen ; 
and  each  evening  the  general  foremen  and  the  district  fore- 
men report  to  the  branch  office  and  consult  with  the  district 
superintendents  in  regard  to  their  work. 

Meeting  of  Branch  Superintendents. 

Twice  a  week  a  meeting  of  the  branch  superintendents, 
together  with  the  assistant  general  superintendent  and  the 
engineer,  is  held  in  the  office  of  the  general  superintendent  of 
mains,  the  branch  superintendents  having  with  them  for  dis- 
cussion reports  of  the  work  done  in  their  districts  during  the 
preceding  week. 
81 
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Record  of  Leak  Work. 

On  every  job  of  whatever  character  a  ticket  (see  spedmen 
enclosed)  is  issued  and  filed.  By  this  means  we  are  able  to 
refer  at  any  time  to  leak  work  which  has  been  done  at  any  ■ 


Winter  Work. 

With  respect  to  special  conditions  that  confront  us  during 
winter  work,  this  proposition  generally  works  out  in  a  different 
manner  each  winter.  During  very  severe  winter  weather,  when 
there  is  a  large  amount  of  frost  in  the  ground,  we  usually  find 
it  necessary  to  increase  the  size  of  our  emergency  crews  and 
the  size  of  our  leak  gangs. 

Trusting  that  the  foregoing  information  may  be  of  some 
service  to  you  in  the  preparation  of  your  paper  for  the  Ameri- 
can Gas  Institute,  I  am 

Yours  truly, 

C.  C.  Simpson, 
Asst,  Secy,  and  Gen.  Supt.  of  Mains. 

Method  of  Handling  Street  Leaks  in  Philadex-phia. 
Division  of  Territory. 

The  distribution  area  of  the  City  of  Philadelphia  is  divided 
into  five  districts.  This  division  is  made  in  order  to  effect 
an  economic  management  by  providing  a  base  of  supplies  and 
operation  at  various  points  throughout  the  city. 

It  is  endeavored  to  keep  the  district  organizations  as  similar 
as  is  possible,  with  due  regard  to  local  conditions  which  may 
more  or  less  greatly  affect  the  methods  of  accomplishing  any 
desired  result. 

The  details  given  below  relating  to  various  matters  concern- 
ing "Street  Leaks"  are  those  in  existence  in  one  of  these  dis- 
tricts during  ordinary  winter  weather. 
ORGANIZATION. 

The  employees  whose  sole  or  partial  duty  is  work  concerned 
with  street  leaks  may  be  classed  as  (o)  executive  and  (6) 
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operative.  In  the  first  class  are  the  superintendent,  or  the 
assistant  superintendent,  who  makes  it  one  of  his  special  duties 
to  supervise  the  work  in  this  connection,  and  the  foreman  of 
mains  and  his  assistant,  whose  work  is  closely  in  touch  with 
both  the  office  and  the  street  men.  When  in  the  office  these 
latter  men  have  charge  of  directing  the  movements  of  the 
various  gangs,  and  of  issuing  general  instructions  as  to  the 
disposition  of  any  special  cases.  When  on  the  street  they 
supervise  the  work  on  all  of  the  various  jobs  and  issue  instruc- 
tions to  those  under  their  authority.  To  the  executive  class 
may  be  added  the  street  main  clerk  whose  work  is  continually 
in  the  office.  This  man,  in  the  absence  from  the  office  of  the 
street  main  foreman,  directs  the  movements  of  the  gangs,  and 
receives  reports  of  any  gang  foreman.  He  also  audits  and  files 
records  of  completed  and  uncompleted  work ;  makes  out  orders 
giving  proper  and  full  information  necessary  on  each  new  leak 
job.  The  "operative"  class  is  comprised  of  the  gang  foremen, 
whose  work  keeps  them  continually  on  the  street,  and  who 
have  direct  charge  of  the  "gangs"  searching  for  and  repairing 
leaks,  the  caulkers  and  laborers  comprising  such  gangs  and 
any  messei^rs  found  necessary  to  convey  information  from 
the  office  to  the  street. 

During  the  regular  working  hours,  the  employees  just  men- 
tioned attend  to  the  various  duties  of  deration  in  accord- 
ance with  the  description  given  later  on  under  "Method  of 
Handling." 

At  times,  not  during  regular  working  hours  however,  the 
followir^^  practices  are  followed :  A  description  of  these  will 
show  the  organization  effected  for  handling  street  leaks  during 
such  periods. 

Any  clerk,  known  as  the  dispatching  clerk,  who  is  on  duty 
in  the  office  at  any  time  outside  of  the  regular  hours,  is  care- 
fully instructed  in  the  administration  of  the  details  described 
in  this  paper,  and  in  the  work  of  obtaining  from  the  office 
records,  any  desired  information  about  our  underground 
structures  in  an  accurate  and  speedy  manner. 

On  Saturday  afternoons  of  working  days,  and  on  days  when 
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work  has  been  stopped  on  account  of  storms,  etc.,  a  detail  of 
men  whose  number  is  regulated  by  the  conditions  of  the  work 
and  of  the  weather,  is  stationed  either  in  the  shop  or  else  on  a 
job  on  the  street  where  they  may  be  communicated  with  on  the 
telephone.  This  detail  works  on  any  leak  received,  until  a 
new  detail  arrives,  or  until  leak  is  either  found  or  considered 
safe  to  leave. 
Detail  for  Holidays  and  Sundays. 

On  Stmdays  and  holidays,  when  any  active  leak  is  on  hand, 
a  detail  similar  to  that  just  described  is  maintained.  In  case 
conditions  do  not  justify  this,  there  is  placed  on  duty  in  the 
ofRce  at  least  one  man  familiar  with  the  workit^  on  and 
capable  of  correctly  judging  of  the  seriousness  of,  any  re- 
ported street  leak.  He  will  make  examination  and  report  oti 
any  location,  new  or  old,  demanding  it,  and  determine  on  the 
course  to  be  pursued.  Such  a  man  is  recruited  from  the  force 
of  most  capable  caulkers  in  the  district. 
Detail  for  Night  Work. 

For  each  ni^t  when  a  r^ular  night  leak  gang  is  not  work- 
ing, a  detai]  of  not  less  than  five  men,  including  a  man  capable 
of  acting  as  foreman,  and  a  caulker,  is  chosen  and  the  men 
notified  to  remain  at  their  respective  homes  during  the  entire 
night.  This  insures  to  us  a  number  of  men  adequate  to  care 
for  any  ordinary  leak,  and  whom  we  are  certain  to  be  able  to 
procure  if  desired.  The  number  of  men  from  which  this 
detail  is  chosen  is  of  such  a  size  that  each  man  is  detailed  for 
three  successive  nights  every  three  weeks.  No  pay  is  given 
for  this  service. 

Tlie  night  complaint  men  who  generally  are  the  first  to  dis- 
cover that  the  source  of  a  leak  is  in  the  street  are  furnished 
with  a  list  showing  men  detailed  for  that  night,  and  after 
reporting  the  leak  by  telephone  to  the  office,  this  man  proceeds 
at  once  to  notify  the  detail.  The  first  man  notified  comes  to 
the  shop  and,  obtaining  wagon  with  tools,  proceeds  to  the 
job,  while  the  remaining  men  proceed  direct  to  the  job  on 
notification. 
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The  list  just  mentioned  is  maintained  by  the  general  fore- 
man of  mains.  It  contains  the  names  of  the  men  with  the 
addresses  in  such  order  that  the  minimum  amount  of  traveling 
will  be  necessary  in  the  notification.  The  men  who  are  capable 
of  acting  as  watchman  on  a  leak  are  specially  indicated.  The 
list  is  corrected  at  least  once  every  month. 

In  cases  where  a  leak  is  extraordinarily  bad,  or  more  men 
are  needed  than  on  regular  detail,  immediately  after  the  office 
is  notified,  a  man  is  dispatched  to  notify  the  men  living  nearest 
the  shop.  These  men's  addresses  are  indicated  on  another  list 
similar  to  the  one  just  described. 

EQUIPMENT, 

No  attempt  will  be  made  to  describe  in  detail  the  tool 
equipment.  Mention  may  be  made,  however,  of  the  "leak 
drill,"  which  is  used  instead  of  a  bar  in  drilling  holes  to  locate 
leaks,  under  conditions  where  it  is  certain  or  doubtful  that 
an  underground  structure  which  may  be  damaged  is  in  the  line 
of  desired  drilling.  This  tool  consists  of  a  i  inch  steel  twist 
drill,  6  inches  long,  with  a  threaded  shank,  to  which  is 
attached  a  3  foot  4  inch  length  of  ^  inch  wrought  iron  pipe. 
A  I  X  I  X  ^  inch  tee  is  screwed  to  the  end  of  the  ^  inch 
pipe.  An  ordinary  iron  bar  slipped  through  the  tee  is  used 
as  a  lever  or  handle  to  turn  the  drill  in  operation. 

An  electric  lamp  for  use  at  night  is  operated  by  six  dry 
batteries,  giving  a  total  of  eight  volts  and  twenty  amperes,  and 
a  light  of  about  six  candle-power  which  will  last  about  four- 
teen hours.  These  batteries,  etc.,  are  contained  in  a  wooden 
box,  1 1  inches  long  by  10  inches  wide  by  9  inches  high,  with 
a  hinged  top  cover.  The  sources  of  light  are  two  incandescent 
bulbs  each  in  a  heavy  socket  with  reflector  and  bull's  eye  cover. 
One  socket  is  fastened  permanently  in  the  end  of  the  contain- 
ing box,  and  the  other  one  on  a  cord  about  six  feet  long.  The 
weight  of  the  apparatus  is  twenty-two  pounds. 

Medicine,  etc.,  to  be  used  in  treating  employees  or  outsiders 
affected  by  illuminating  gas,  is  conveniently  carried  in  a 
leather  bag,  8j^  x  4j4  x  2  inches.    This  bag  may  be  easily 
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slipped  into  an  overcoat  pocket  and  may  be  carried  by  a 
foreman. 

Tools,  and  if  necessary  men,  are  transported  on  a  one-horse 
wagon,  which  is  specially  provided  with  material  to  deat  with 
almost  any  leak  emergency.  The  tool  equipment  on  this  wagon 
is  made  the  subject  of  special  inventories  and  examinations. 
The  wagon  is  closed  with  locked  doors  at  each  end,  the  key 
to  the  locks  being  kept  in  the  office  and  dispatched  when  a 
driver  reports  that  he  is  about  to  use  the  team. 

At  times  when  leak  work  is  extraordinarily  heavy,  or  in 
emergency  cases,  the  automobile  used  by  the  superintendent 
is  used  to  transport  tools  and  men  to  various  locations. 

The  general  foremen  and  some  of  the  street  and  gang  fore- 
men are  each  provided  with  a  motorcycle.  Foremen  not  having 
motorcycles  are  provided  with  bicycles  and  an  extra  bicycle 
is  provided  for  each  leak  gang. 

METHOD  OF  HANDLING. 

By  "Method  of  Handling"  is  meant  the  manner  in  which 
the  report  is  treated  after  becoming  known  to  the  office. 

When  the  distribution  office  receives  notice  of  a  street  leak, 
which  notification  is  usually  by  telephone,  the  office  man 
obtains  from  the  person  reporting,  the  necessary  details  as  to 
the  extent  of  the  leak,  the  possibility  of  good  ventilation,  an 
idea  of  the  general  surroundings  and  information  concerning 
persons  claiming  to  have  been  affected  by  the  gas.  From  this 
information  he  judges  as  to  what  should  be  the  immediate 
disposition  of  the  leak.  This  is  made  by  considering  the  fol- 
lowit^  points : 

An  odor  is  usually  reported  as  strong,  slight  or  doubtful. 

If  any  leak,  regardless  of  its  location,  is  reported  as  strong, 
the  man  reporting  it  is  ordered,  except  in  cases  where  it  is 
imperative  to  use  him  for  another  purpose,  to  stay  on  the  job 
until  relieved  by  another  man  or  by  the  leak  gang.  The  loca- 
tion where  the  odor  is  noticeable,  t.  e.,  in  the  cellar  of  a  build- 
ing, at  one  stop  box  only,  or  at  more  than  one  stop  box,  etc., 
serves  as  a  guide  to  the  office  man  in  sending  either  a  gai^  to 
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work  the  leak  or  a  street  foreman  to  decide  if  inunediatc  work 
may  be  delayed. 

An  odor  reported  as  strong  in  cellar  or  cellars,  and  at  stop 
and  drain  boxes  at  curb,  indicatii^  probably  a  broken  main 
or  other  extensive  leak,  would  be  considered  a  case  which 
should  be  worked  at  once,  and  a  gang  is  dispatched  as  soon  as 
possible. 

Any  strong  odor  evident  at  the  top  of  a  lamp  post  or  in  one 
gas  stop  box  only,  indicatii^  probably  a  break  at  the  bottom 
of  the  post  or  in  the  service  at  the  cock,  is  classed  as  a  loca- 
tion which  is  to  be  visited  by  a  street  foreman  who  determines 
definitely  whether  the  leak  should  be  watched  or  worked. 

When  the  odor  is  reported  as  slight,  and  if  ventilation  will 
remove  it,  the  man  reporting  is  instructed  to  proceed  with  his 
work,  and  the  location  is  turned  over  to  a  street  foreman  who 
makes  a  visit  within  an  hour  or  two  to  decide  on  the  imme- 
diate course  to  be  pursued.  This  refers  particularly  to  odors 
in  buildings ;  however,  every  slight  odor  reported  is  soon  visited 
by  one  of  these  foremen. 

In  cases  where  the  odor  is  reported  as  doubtful,  an  examina- 
tion is  to  be  made  by  a  street  foreman,  who  will  decide  either 
that  the  odor  is  not  that  of  illuminating  gas,  or  in  order  to 
make  this  decision  will  order  a  gang  to  the  job  for  a  thoroi^h 
examination  of  manholes  and  sewers. 

Course  of  Leak  Order. 

On  receipt  of  a  street  leak,  the  street  main  clerk,  or  if  not 
during  this  man's  working  hours,  the  man  des^;nated,  fills  in 
a  form  known  as  a  "Street  Leak  Order."  On  this  form,  which 
is  8  x  5  inches,  is  placed  the  date  and  time  of  report,  name  of 
man  reporting,  and  information  concerning  size  and  location 
of  gas  mains,  etc.  A  space  is  provided  for  a  sketch  of  limited 
size  to  aid  the  leak  gat^  foreman  in  cases  where  underground 
conditions  are  complicated.  In  addition  to  this  order  there  is 
originated  a  3  x  5  inch  card  bearing  the  address  and  date  and 
provided  with  a  column  in  which  to  enter  the  results  of  con- 
ditions found  on  each  visit.    This  card  is  kept  in  the  office 
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and  is  posted  as  reports  on  this  teak  are  made.  If  the  leak 
needs  further  examinations,  or  has  been  temporarily  repaired, 
this  card  will  indicate  what  is  further  to  be  done.  The  card  is 
filed  behind  a  date  marker  and  thus  the  examinations  due  any 
day  are  automatically  brought  to  light  at  the  proper  time. 
Examinations  at  any  locations  are  made  according  to  the  fol- 
lowing rules : 

When  a  "sl^t  odor"  location  is  not  beii^  worked  on 
account  of  more  urgent  leaks,  an  examination  is  made  at  least 
once  every  day  until  leak  has  been  worked  on  and  found. 

SuppUmentary  ExammatioH  of  Locality. 

After  a  leak  has  been  found  and  stopped,  it  should  not  be 
assumed  that  the  complaint  is  entirely  remedied,  as  there  may 
be  another  leak  that  is  the  cause  of  the  complaint  Therefore 
an  examination  is  made  the  day  following  that  of  the  repair 
(temporary  or  permanent)  to  ascertain  if  conditions  have  been 
remedied.  If  an  odor  exists,  active  work  should  be  resumed 
as  soon  as  possible.  Even  if  the  complaint  seems  entirely 
remedied,  a  second  examination  is  made  one  week  after  the 
first. 

Such  examinations  are  omitted  in  cases  where  cause  of  a 
leak  is  definitely  known,  such  as  broken  lamp  post,  service  cock 
broken  by  fitter,  or  pick  hole  in  gas  pipe. 

Examinations  as  above  are  made  also  in  cases  where  "no 
odor"  is  present  on  first  visit. 

After  the  two  records  above  mentioned  have  been  origi- 
nated, the  next  step  of  the  office  is  to  "dispatch  the  leak." 

If  it  has  been  decided  that  it  is  necessary  to  work  imme- 
diately, a  gang  is  notified  by  'jAone,  by  messenger,  or  by  one 
of  the  foremen  who  are  in  frequent  communication  with  the 
office.  The  telephone  is  put  to  the  most  extensive  use.  When- 
ever a  gang  is  working  where  a  "pay  station"  or  store  is  near 
at  hand,  the  foreman  of  the  gang  on  his  arrival  on  the  job 
will  notify  the  office  of  this  number.  In  emergency  cases, 
when  such  a  'phone  is  not  obtainable,  the  office  will  obtain 
from  the  telephone  company  the  location  of  the  'phone  nearest 
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the  gang  desired,  and  calling,  will  ask  the  person  answering, 
most  likely  a  consumer,  if  he  will  be  kind  enough  to  ask  our 
foreman  who  is  working  in  the  street  to  comnnmicate  at  once 
with  the  ofBce. 

Claim  Department  Notified. 

If  it  is  unnecessary  to  work  the  leak  at  once,  it  is  held  and 
given  to  a  street  foreman  to  make  an  examination.  If  the 
report  of  the  leak  contains  the  information  that  any  person 
claims  to  have  been  affected  by  the  gas,  the  next  step  taken  by 
the  office  is  in  all  especially  seriotis  cases  to  notify  the  Claim 
Department,  or  its  representative,  at  once,  regardless  of  the 
time  of  day.  Notification  to  this  department,  if  not  during 
rq^ular  working  hours,  is  delayed  in  cases  that*are  not  serious, 
but  in  any  case,  one  of  the  company's  physicians  is  requested 
immediately  to  visit  the  persons  affected. 

Street  Leak  Progress  Report. 

For  each  visit  to  a  leak  location,  a  "Street  Leak  Progress 
Report"  is  filled  out  by  the  man  making  the  examination. 
This  report  shows  time  of  day  and  history  of  conditions  found 
and  work  done.  If  the  work  on  a  leak  is  continued  without 
interruption  over  a  period  of  more  than  one  day,  a  report  is 
made  for  each  day,  and  if  the  foreman  on  a  job  is  replaced 
during  the  progress  of  the  work,  each  man  makes  a  report  of 
the  work  done  by  him.  Reports  for  work  done  any  day  shoul<l 
be  in  the  office  by  the  end  of  that  day.  Any  leak  found  is 
reported  at  once  by  telephone.  Bach  report  is  carefully  audited 
to  see  that  it  contains  all  pertinent  information,  and  is  filed 
daily  so  that  the  complete  history  of  any  leak  is  available. 
H^orking  Conditions. 

During  ordinary  winter  weather  no  regular  night  gang  is 
worked.  Durit^  such  times  as  a  night  gang  is  necessary  its 
size  is  about  one-third  that  of  the  day  force. 

Any  overtime  hours  during  especially  strenuous  periods 
should  be  reduced  as  much  as  possible.  For  short  stretches 
most  men  can  work  sixteen  to  eighteen  hours  a  day,  and  if 
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necessary,    twenty-four    hour    periods    can    be    occasionally 
worked. 

During  such  periods,  the  varied  length  of  the  working  day 
can  be  made  to  result  in  gangs  reporting  at  intervals  through- 
out the  day,  and  this  will  allow  greater  ease  and  speed  of  dis- 
patching leaks  received  shortly  before  such  a  gang  is  expected. 

In  case  a  lack  of  foremen  is  a  troublesome  condition,  other 
men  who  with  a  little  instruction  will  prove  capable,  should  be 
selected  from  the  best  employees  of  the  fitting  department. 
Even  though  these  men  are  unfamiliar  with  di^ng  and  street 
conditions,  they  are  far  preferable  to  new  men  trained  in 
digging  work  but  unfamiliar  with  gas  and  its  effects. 

In  closing,  it  may  be  said  that  the  main  points  in  efficiently 
organizing  for  and  handling  street  leaks,  are  common  sense 
and  thoroughness,  together  with  the  highest  regard  for  safety 
always. 

H.  B.  Andersen, 

Supt.  of  City  District 

Philadelphia  Gas  Works. 

Method  ok  Handling  Street  Leaks  Pertaining  to 
St.  Paul. 
Course  of  Leak  Order. 

Ordinarily  a  leak  complaint  comes  in  by  telephone.  The 
telephone  operator  therefore  gets  the  first  information,  and  if 
the  complaint  is  reported  as  being  very  serious  the  call  is  put 
directly  on  the  distribution  superintendent's  line.  Ordinarily 
complaints  are  written  up  by  the  complaint  clerk  and  a  r^;ular 
order  put  in  the  chute  communicating  with  the  shop  foreman's 
office.  Of  course,  the  complaint  clerk  is  supposed  to  obtain 
all  information  possible,  such  as  the  name  of  the  party  report- 
ing, nature  of  the  leak,  if  in  house,  basement  or  street,  how 
long  it  has  been  noticed,  and  particular  attention  to  getting 
the  correct  address.  If  reported  as  a  street  leak  the  shop 
foreman  telephones  the  superintendent's  office  giving  the 
address  and  also  states  if  he  can  get  a  man  there  promptly. 
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Generally  he  is  expected  to  send  a  man  on  all  leak  complaints 
for  the  purpose  of  safe-guarding  persons  and  property  from 
injury.  He  ventilates  premises,  cautions  persons,  and  main- 
tains guard  if  necessary  until  the  repair  crew  is  on  the  job. 

Prompt  service  of  the  fitting  department  is  insured  as  fol- 
lows: First,  a  motorcycle  is  maintained  by  the  department 
for  ui^ent  complaint  and  leak  orders.  Second,  each  fitter's 
duplicate  orders,  on  which  he  is  working,  are  kept  in  labeled 
files  so  that  the  shop  foreman  knows  in  just  what  part  of  town 
each  fitter  is  at  work  at  any  time  during  the  day.  In  case 
the  motorcycle  man  is  out,  or  the  machine  is  not  in  commission, 
or  the  complaint  is  a  long  way  from  the  office,  by  a  liberal 
use  of  telephones,  of  parties  leaving  orders,  the  fitter  in  the 
vicinity  of  the  leak  complaint  can  be  communicated  with  and 
sent  to  care  for  the  leak  at  once. 

If  for  any  reason  the  shop  foreman  cannot  care  for  the 
complaint  promptly  he  notifies  the  superintendent's  office  and 
a  street  foreman  or  someone  from  the  superintendent's  office 
is  sent  out  on  the  order.  The  reason  for  notifying  the  super- 
intendent's office  when  a  leak  order  is  first  received  by  the 
shop  foreman  is  to  enable  his  office  to  get  in  touch  with  a  street 
foreman  pending  a  report  from  the  fitter  sent  to  investigate  the 
complaint. 

Division  of  Territory. 

We  have  divided  our  city  into  two  divisions,  a  general  ser- 
vice and  repair  foreman  with  five  or  six  crews  being  placed  in 
each  division.  Each  general  foreman  reports  or  telephones 
early  each  morning  the  schedule  of  each  crew  for  the  following 
24  hours.  He  also  telephones  or  reports  to  the  office  two  or 
three  times  each  day  for  special  orders  or  complaints. 

OrgamsatioH. 

When  a  fitter  sent  on  a  complaint  reports  by  telephone  that 
immediate  attention  is  necessary  and  what  the  probable  extent 
of  the  leak  is,  we  have  either  arranged  for  reaching  the  general 
foreman  or  can  give  the  fitter  the  location  of  the  nearest  crew 
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and  he  is  sent  to  notify  them  of  the  leak.  These  crews  con- 
sist of  from  4  to  6  men  and  always  have  one  experienced  gas 
man  capable  of  handling  ordinary  leaks,  such  as  broken  or 
leaking  services,  cracked  mains,  bad  joints,  etc.  The  general 
foreman  is  also  notified  by  the  superintendent's  oflice  as  soon 
as  possible  so  he  can  get  on  the  job  and  assume  the  respon- 
sibility. To  prevent  any  friction  such  as  the  crew  boss  or 
foreman  refusing  to  look  after  leak  promptly  when  notified  by 
the  shop  fitter,  we  have  given  each  crew  foreman  orders  to 
telephone  to  the  superintendent's  oflke  whenever  anyone  tells 
him  of  a  leak  or  wants  him  to  do  work  not  authorized  by  his 
general  foreman. 

Equipment. 

Each  service  box  carries  a  set  of  caulking  irons,  one  or  two 
bars  of  ordinary  laundry  soap  and  such  small  supplies  as  are 
generally  necessary  for  ordinary  street  leaks. 

Night  Work. 

A  complaint  man  with  motorcycle  is  kept  on  duty  nights  and 
Sundays.  In  case  of  street  leak  he  telephones  the  superin- 
tendent's house  or  the  assistant  from  the  premises  or  vicinity, 
making  report  of  the  seriousness  of  the  leak.  He  is  given 
instructions  what  to  do  pending  the  arrival  of  the  repair  crew. 

Both  general  foremen  have  telephones  and  each  has  a  list 
of  about  half  a  dozen  men  quickly  accessible  by  telephone  or 
messenger,  so  that  a  crew  can  be  assembled  within  a  reasonably 
short  time. 

The  teaming  contractor  has  a  telephone,  and  a  wagon  and 
driver  can  be  secured  at  any  time. 

Picks  and  shovels  are  available  at  the  office  or  at  the  nearest 
service  box  to  the  leak. 

Time  and  one-half  is  allowed  for  Sunday  work  and  night 
work  for  fitters  and  laborers.  General  foremen  are  on  a 
monthly  basis. 

We  have  had  no  occasion  to  use  other  than  lanterns  or 
pocket  electric  torches  on  our  work. 
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A  "servus  helmet"  has  been  kept  in  the  department  for  the 
past  three  or  four  years,  but  has  only  been  used  once  or  twice. 

During  the  past  few  years  leaks  of  any  magnitude  have  been 
very  rare. 

In  the  business  section  where  traffic  is  heavy  week  days, 
night  work  is  sometimes  desirable.  Ordinarily,  however,  it 
has  not  been  our  practice  to  work  nights  unless  imperative, 
due  to  lack  of  intelligent  effort  and  the  extra  hazard.  Sunday 
work  on  the  other  hand  is  generally  desirable  both  from  the 
absence  of  ordinary  street  traffic  and  also  because  we  can  gen- 
erally get  more  skilled  help  when  our  regular  work  is  not 
going  on. 

Special  equipment  or  supplies  can  be  secured  at  the  office  or 
from  the  storehouse.  The  storekeeper  or  the  superintendent 
can  be  reached  by  telephone,  both  having  keys  for  the  store- 


Winier  Work. 

In  the  cold  months  of  the  year  the  only  difference  is  in 
securing  crews.  We  generally  find  employment  for  some  of 
the  older  and  more  experienced  street  men  in  the  meter  repair 
shop,  and  fitting  shop  overhauling  stock  and  tools  and  doing 
general  repair  work.  It  is  therefore  an  easy  matter  to  make 
up  one  or  two  crews  at  any  time  during  working  hours,  and 
if  necessary  we  have  the  nucleus  for  half  a  dozen  crews  and 
can  pick  up  what  extra  labor  is  needed  with  little  delay.  Night 
and  Sunday  complaints  are  handled  the  same  as  in  the  summer 
months. 

Owing  to  the  slow  progress  in  digging  and  the  increased 
difficulty  of  locating  the  source  of  a  street  leak  when  the 
ground  is  frozen,  our  rule  is  always  to  ventilate  the  premises 
and  sink  one  or  more  holes  near  the  foundation  walls  and  inter- 
cept the  current  of  gas  entering  the  building.  This  must  be 
done  before  all  other  work  unless  sufficient  help  is  at  hand  to 
make  excavation  for  the  repair  of  the  leak  at  the  same  time. 

Drilling  over  the  mains  and  services  is  generally  done  to 
locate  the  leak,  but  it  is  frequently  generally  necessary  to  dig 
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test  holes  2  or  3  feet  below  the  mains  to  intercept  the  currents 
of  gas  travelling  in  the  ground. 

The  superintendent's  office  is  always  kept  advised  regarding 
each  leak.  If  a  leak  is  not  repaired  during  the  day  the  super- 
intendent is  notified  so  that  proper  precautions  or  instruc- 
tions can  be  issued  to  cover  same. 

In  case  the  leak  has  caused  any  damage  or  anyone  claims  to 
have  been  affected  in  any  way  from  the  leak  or  if  the  complaint 
man  thinks  there  is  any  chance  of  claim  being  made  of  injury 
at  a  later  time,  someone  is  sent  from  the  superintendent's 
office  to  thoroughly  investigate  and  make  a  written  report,  and 
in  that  way  endeavor  to  forestall  any  unjustiiied  claims. 

Each  repair  order  issued  to  the  foreman  must  be  filled  out 
stating  the  nature  of  the  leak  and  repairs  made,  the  labor  and 
material  required  and  the  probable  cause  of  the  leak,  also 
giving  a  working  drawing  of  the  exact  location. 

In  the  winter  time  it  is  generally  necessary  to  call  back  two 
or  three  times  after  a  leak  is  repaired  to  see  that  the  dead  gas 
held  in  the  ground  does  not  seep  into  the  adjoining  premises, 
causing  inconvenience  to  the  occupants.  It  is  often  necessary 
to  maintain  vent  holes  outside  of  the  foundations  of  the 
buildings  for  days  and  sometimes  weeks  after  the  leak  is 
repaired. 

Mk.  Walton  Forstall  (Philadelphia):  The  author  does 
not  overstate  the  paramount  importance  of  the  prompt  hand- 
ling of  street  leaks.  Not  only  to  prevent  injury  to  the  inno- 
cent consumer,  but  also  to  protect  itself  from  the  unjust  claims 
of  the  fakir  and  his  shyster  lawyer,  must  the  gas  company  be 
ever  prepared  to  investigate  immediately  every  leak  complaint, 
and  have  forthcoming  the  evidence  of  such  prompt  response 
when  it  may  be  needed  to  combat  false  damage  claims.  While 
it  is  true  that  the  most  economical  equipment  for  this  work 
for  a  larger  company  may  involve  automobiles  and  other 
emergency  motor  vehicles,  it  is  fortunately  also  true,  as  noted 
by  the  author,  that  the  small  companies  can  provide  proper 
emergency  equipment  at  an  expense  well  within  their  means. 
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As  a  matter  of  fact,  Philadelphia  has  never  found  it  neces- 
sary, in  connection  with  its  street  leak  work,  to  use  a  special 
emergency  motor  vehicle.  In  some  cases,  the  first  call  is 
looked  after  by  a  motor  cycle  man,  and  at  times  the  automo- 
biles of  the  superintendents  might  be  utilized,  but,  in  general, 
a  complaint  man,  on  a  bicycle,  and  the  assembling  of  the 
street  men  by  telephone  and  trolley  car,  has,  in  combination 
with  the  system  described  by  Mr.  Anderson,  proved  adequate. 

The  Chairman  :  Gentlemen,  Mr.  Whittaker  has  touched 
upon  a  very  important  subject,  and  I  trust  we  may  now  have 
a  very  full  discussion  of  his  paper. 

Mr.  C.  H.  Waring  (Kansas  City)  :  In  connection  with  this, 
I  want  to  say  that  we  have  a  "Service  Cart"  equipped  with  the 
necessary  tools  and  Bttings  to  repair  a  leak  of  any  kind,  either 
a  broken  main  or  broken  service.  The  leak  is  first  looked  up 
by  an  inspector  and  if  he  decides  it  is  in  the  street  he  tele- 
phones to  the  distribution  shop  and  this  cart  b  hauled  out  to 
the  leak.  The  laborers  are  notified  and  either  are  taken  to 
the  job  by  automobile  or  trolley  car.  This  service  cart  is 
also  equipped  with  a  storage  battery  and  a  small  light  for 
night  work. 

Mb,  H.  H.  Ganser  (Norristown,  Pa.) :  This  report  is  so 
interesting  and  so  highly  instructive  that  I  can  scarcely  add 
anything  of  value,  but  I  r^ret  that  it  did  not  make  reference 
to  the  smal!  gas  companies.  The  small  gas  companies  are 
in  quite  a  predicament,  particularly  in  the  winter  months  as 
to  the  handling  of  leaks  successfully,  particularly  street  leaks, 
and  it  is  quite  a  difliciilt  matter  to  have  a  good  organization  to 
handle  these  leaks  effectively  and  quickly.  I  want  to  call 
attention  to  the  necessity  of  having  the  men  who  are  goii^ 
to  do  this  work  (search  for  leaks)  to  be  thoroughly  familiar 
with  the  location  of  main  services,  to  get  the  information  from 
the  maps  and  charts,  because  we  always  find  it  exasperating 
to  dig  down  on  the  main  and  find  it  is  not  within  2  feet  of 
the  leak. 

I  might  add  to  those  who  have  steam  heating  appliances 
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in  their  town  that  where  a  leak  occurs  in  a  street  main  I  do  not 
have  to  tell  them  what  trouble  they  are  to  expect  having  the 
leak  following  the  casing,  originating  close  to  the  brick  or 
record  box,  and  then  following  the  casing  into  the  premises 
of  a  consumer.  If  there  is  any  time  a  consumer  can  get  real 
irritable  that  is  one  of  the  occasions,  because  gas  traveling 
by  a  street  heating  main  docs  not  smell  any  longer  like  gas. 
I  don't  know  what  it  does  smell  like,  but  it  is  such  that  the 
consumer  is  ready  to  put  up  a  very  disagreeable  fight.  And 
I  have  found  in  cases  of  that  kind  a  very  effective  remedy, 
and  that  is  in  using  Rufus  cement  to  remove  the  asbestos  Bang- 
ing and  asbestos  paper  collar  that  is  around  the  casing  in  the 
consumer's  premises,  and  filling  it  with  Rufus  cement  which 
will  stay  there  an  indefinite  length  of  time  and  immediately  re- 
lieves the  premises  from  all  odors.  There  is  another  way 
of  relieving  it  from  the  steam  mains,  at  the  same  time  vent- 
ing the  entire  street,  but  the  owners  of  the  steam  heating 
company  very  often  object,  and  rightly  too,  to  using  this 
method,  and  it  is  only  because  we  operate  a  steam  plant  that 
we  resort  to  it.  That  is  by  digging  down  on  the  steam  main 
and  boring  through  the  casing  and  putting  in  a  2-inch  pipe. 
It  very  readily  sets  up  the  circulation  there  that  draws  it  out 
immediately,  but  great  care  should  be  taken  when  this  is  done 
to  be  sure  and  plug  that  hole  carefully,  or  at  least  notify  the 
steam  company  what  has  been  done,  so  that  surface  water 
cannot  get  in  on  the  steam. 

The  Chairman  ;  Mr.  Gould,  were  you  going  to  discnss 
this  paper? 

Mr.  J.  A.  Gould  (Boston) :  I  think  it  is  hardly  necessary 
for  me  to  describe  our  method  of  handling  leaks  in  Boston, 
as  a  letter  from  me  to  the  author  of  this  paper  describing 
our  methods  is  incorporated  in  Mr.  Wittaker's  paper.  This 
in  many  respects  is  a  local  question.  Different  cities  and 
different  parts  of  the  same  city  may  require  different  organi- 
zations, but  whatever  oi^nizatton  we  find  necessary  to  prop- 
erly protect  any  district,  it  is  absolutely  necessary  should  be 
kept  up  to  its  highest  efficiency. 
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Mr.  Theodork  Bunker  (Paterson,  N.  J.)  ;  Mr.  Chairman, 
when  I  was  asked  to  take  part  in  this  discussion  I  found 
after  reading  the  paper  it  was  very  difficult  to  add  anything 
along  the  lines  of  the  paper.  I  have  written  and  put  in  for  a 
matter  of  record  a  discussion  which  will  carry  the  matter  into 
the  question  of  the  oi^nization  of  handling  and  quickly 
getting  the  leak  when  you  arrive  at  the  property. 

The  description  of  the  organization  and  equipment  of 
the  four  (4)  large  companies  seem  to  thoroughly  cover  the 
subject  in  detail.  Small  companies  could  organize  and  equip 
along  the  same  lines  without  unduly  increasing  expense.  The 
feature  of  the  handling  of  street  main  leaks  which  does  not 
seem  to  have  been  thoroughly  covered  in  any  of  the  papers, 
but  which  is  of  the  utmost  importance  in  safety  and  economy 
is  the  plan  of  procedure  with  reference  to  locating  the  leak 
itself.  A  leak  reported  as  a  street  leak  may  be  in  the  house 
piping,  in  the  meter,  in  the  service  or  in  the  main.  Most 
systems  of  organization  provide  in  the  case  of  a  reported  leak 
that  a  fitter  should  go  to  the  house  first  to  determine  the 
nature  of  the  leak.  He  should  be  instructed  to  put  a  water 
gauge  air  test  of  say  3  inches  on  the  house  piping  to  deter- 
mine if  there  is  any  leak  in  the  system,  put  a  similar  test  on 
the  meter  to  determine  leakage  at  this  point  and  test  with 
soap-suds  the  service  fittings  up  to  the  meter  inlet.  If  no  leak 
develops  at  these  points  the  fitter  is  immediately  in  position 
to  say  definitely  that  the  leak  should  be  turned  over  to  a 
street  gang.  The  water  gauge  test  is  a  very  delicate  one 
and  will  promptly  indicate  the  existence  of  even  a  small  leak. 
It  is  not  safe  to  assume  if  a  leak  is  discovered  at  any  of 
these  points  that  there  is  not  a  street  leak. 

Upon  the  arrival  of  a  main  gang  an  opening  is  usually 
made  to  immediately  relieve  the  gassy  smell  in  the  house. 
This  opening  is  usually  made  at  the  building  line  where  the 
service  enters.  A  more  efficient  method  is  to  open  the  street 
immediately  over  the  service  tap,  because  this  opening  can 
be  used  for  testing  the  service  with  a  water  gauge.  The 
method  of  quickly  testing  the  service  where  the  main  con- 
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nection  begins  with  a  tee  is  to  shut  the  meter  cock,  put  a 
rubber  service  plug  (without  the  tee  handle)  in  the  service 
tee  at  the  main  and  cover  the  straight  iron  handle  of  the 
service  plug  with  a  nipple  and  cap.  By  taking  the  plug  out 
of  the  tee  in  the  cellar  and  attaching  a  "U"  gauge,  an  air 
test  can  be  put  on  which  will  at  once  determine  whether  the 
service  leaks. 

By  the  three  (3)  tests  mentioned  above  the  leak  can  be 
definitely  eliminated  from  the  house,  the  meter  and  the  ser- 
vice, and  the  work  of  locating  be  confined  to  the  main  it- 
self. I  believe  that  gas  companies  in  general  will  profit  by 
including  these  three  (3)  tests  as  part  of  the  organization  of 
handling  each  and  every  street  leak.  The  cost  is  moderate 
and  the  results  sure. 

We  are  apt  to  trust  too  much  to  the  judgment  of  ex- 
perienced employees  in  this  work  of  locating  leaks.  While 
not  overlooking  the  value  of  experienced  leak  men,  yet  it  is 
certain  in  that  no  experience  can  be  better  than  a  positive 
method  of  testing  of  certain  portions  of  the  system  as  noted 
above.  In  leaks  that  are  difficult  to  find  in  the  main  system, 
by  isolating  a  section  of  main  with  two  bags  at  each  end 
separated  by  water  and  feeding  gas  to  this  section  through 
a  meter,  any  leak  will  be  shown  and  its  size  indicated  by  the 
meter  reading.  We  have  cheap  and  effective  means  of  defi- 
nitely determining  whether  certain  sections  of  the  system 
leak,  but  as  a  rule  instructions  to  fitters  and  street  men  do 
not  call  for  carryii^  out  these  tests.  In  order  to  make  these 
tests  of  definite  value  and  be  sure  that  they  are  regularly 
carried  out,  the  card  system  should  include  a  list  of  these 
tests  to  be  actually  reported  upon  in  each  leak. 

The  Chairman:  Any  further  discussion,  gentlemen.  I 
wonder  if  Mr.  Ellis  has  anything  to  say. 

Mr.  W.  Ellis:  I  don't  believe  I  can  add  anything  new  or 
interesting. 

The  Chairman  :  Once  more,  gentlemen,  may  I  ask  is 
there  anythii^  further  in  the  way  of  discussion  on  this  paper? 
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If  not  we  will  ask  Mr.  Forstall  if  he  has  anything  to  say 
in  closing  the  discussion. 

Mr.  Walton  For5T.m,l:  Mr.  Chairman,  I  think  that  the 
value  of  this  paper  is  very  lar^y  an  educational  one.  As  I 
stated  about  one  of  the  other  papers  there  may  be  a  certain 
number  of  members  of  the  Institute  who  have  not  thought 
as  long  on  the  subject  of  street  leaks  as  they  ought  to.  The 
real  point  is  street  leaks  sometimes  means  loss  of  life,  and 
that  is  most  important.  Next  comes  the  financial  loss.  Other- 
wise, the  subject  would  not  be  as  important  as  it  is.  Our 
company  lost  five  lives  in  one  accident,  the  only  fatal  case 
we  ever  had,  and  we  are  very  glad  to  feel  it  was  absolutely 
no  fault  of  our  own. 

The  Chairman:  The  chair  desires  at  this  time  to  thank 
the  members  of  the  Institute  who  have  done  so  much  to  make 
Section  B  a  success  by  lending  their  presence  in  this  room, 
by  preparing  and  reading  discussion  of  the  papers.  It  has  been 
a  pleasure  indeed  to  preside  over  the  meeting,  and  I  am  very 
heartily  grateful  to  you  for  your  assistance  which  you  ren- 
dered in  making  this  section  of  the  meeting  such  a  great 
success.    If  there  is  nothing  further  we  will  stand  adjourned. 

Mr.  C.  Pilz  (New  York)  :  I  move  a  vote  of  thanks  to 
the  chair  for  the  extremely  clever  and  expeditious  way  in 
which  this  meeting  was  handled. 

Motion  duly  seconded  and  carried  unanimously. 

Thereupon  at  4:20  p.  m.  the  meeting  was  adjourned. 
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DESIGN  OF  SURFACE  COMBUSTION  APPLIANCES. 


LECTURE  DELIVERED  BY  DR.  CHARLES  E.  LUCKE  IN  THE  AUDI- 
TORIUM OF  THE  JEFFERSON  HOTEL,  RICHMOND,  VIRGINIA, 
ON  TUESDAY  EVENING,  OCTOBER  I4,  I913,  AT  8  :I5  P.  M. 

Manufactured  gaseous  fuel  is  and  always  will  be  more  costly 
per  unit  of  heat  carried  than  natural  fuel,  and  yet  may  yield 
cheaper  and  better  service,  cheaper  if  the  process  and  appara- 
tus used  for  the  combustion  of  the  gas  is  efficient  enough, 
and  better  if  it  is  so  designed  as  to  liberate  the  heat  in  a  suffi- 
ciently more  available  form.  It  is  this  fact  that  justifles  the 
general  interest  now  shown  in  the  process  that  has  been  termed 
surface  combustion,  which  promises  both  cheaper  and  better 
gas  service,  the  realization  of  which  depends  on  the  accumula- 
tion of  much  new  data  for  the  design  of  apparatus  of  com- 
mercial form.  Some  of  this  information  has  been  worked  out, 
and  commercial  apparatus  of  one  or  two  classes  designed 
therefrom.  The  process  of  development  that  has  resulted  in 
the  establishment  of  surface  combustion  on  an  engineering 
basis  whereby  apparatus  can  now  be  designed  to  meet  specific 
conditions  is  reported  briefly  in  this  paper. 

The  new  process  assumes  that  gas  to  be  burned  should  be 
supplied  with  no  more  air  than  wilt  supply  the  required  amount 
of  oxygen  for  the  combustion  reaction,  and  that  the  air  and 
gas  should  be  thoroughly  mixed  previous  to  combustion,  so 
that  the  reaction  may  take  place  instantly,  once  the  ignition 
temperature  is  reached.  Excess  air  is  regarded  as  not  only 
useless  but  harmful  because  of  its  heat  absorption,  preventing 
the  attainment  of  the  highest  temperatures  so  desirable  when 
the  heat  of  combustion  is  to  be  communicated  to  other  bodies, 
and  carrying  away  as  flue  heat,  quantities  that  would  otherwise 
be  of  use.  Premixture  is  regarded  as  desirable  because  thereby 
each  particle  of  fuel  may  be  brought  positively  into  intimate 
contact  with  its  required  oxygen  before  it  is  needed,  instead  of 
depending  on  the  accidental  dissipation  of  the  products  formed 
on  the  edge  of  a  flame  jet,  before  the  central  core  of  gas  can 
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secure  air  from  a  surrounding  and  supporting  atmosphere. 
This  premixture,  in  conjunction  with  suitable  proportioning, 
prevents  the  escape  of  unbumed  fuel  in  any  form.  Thus  pre- 
mixture of  air  and  gas  in  combining  proportions,  at  once  insure 
protection  against  two  important  sources  of  loss  in  combus- 
tion :  that  due  to  excess  air  and  that  due  to  incomplete  com- 
bustion. As  an  incidental  accompaniment  another  advantage 
of  no  less  importance  follows,  and  that  is  development  of  the 
heat  of  combustion  in  a  form  more  available  for  absorption 
by  the  bodies  to  be  heated,  and  for  the  heating  of  which  the 
gas  is  bumed.  Heat  will  be  absorbed  most  readily  from  a  tire 
when  the  temperature  of  the  gases  leaving  the  fire  are  most 
hot  and  when  the  fire  zone  is  most  radiant.  All  heat  absorbed 
from  a  fire  by  direct  contact  of  the  absorber  with  the  hot 
gaseous  products  is  absorbed  at  a  rate  directly  proportional  to 
the  excess  of  the  temperature  of  the  gases  over  that  of  the 
absorber,  so  the  hotter  these  gases  are,  the  more  heat  will  a 
given  absorbing  surface  take  up,  other  things  being  equal. 
Heat  is,  however,  much  more  rapidly  absorbed  by  bodies  when 
the  source  is  radiant,  because  radiant  heat  readily  pierces  the 
insulating  dead  gas  films  adhering  to  the  surface  of  the 
absorber  and  resisting  by  its  low  thermal  conductivity  all 
transmission  from  passing  hot  gas  streams.  The  superior 
transmitting  value  of  radiant  heat  has  been  well  known  as  long 
as  physicists  have  studied  the  sun's  rays,  but  it  has  been  lack- 
ing in  most,  though  not  all  gas  burners  because  of  the  very 
low  radiant  value  of  hot  gases  as  compared  with  solid  bodies 
at  the  same  temperature.  The  premixture  of  the  gas  and  its 
supporting  air  make  it  very  easy  to  secure  a  lai^  amount  of 
the  heat  of  combustion  in  a  radiant  form,  because  the  com- 
bustion, being  entirely  independent  of  any  atmosphere  into 
which  the  products  may  be  discharged,  can  be  carried  on 
behind  layers  of  solid  granules,  in  the  crevices  between  them, 
in  holes  in  solid  plates,  or  behind  solid  plates  of  any  con- 
venient form,  all  of  which,  attaining  the  temperature  of  the 
gaseous  products  of  combustion,  radiate  heat  at  a  rate  im- 
mensely superior  to  that  of  the  gases  themselves. 
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With  all  these  prospective  advantages  in  the  direction  of 
superior  efficiency  of  gas  burning  apparatus,  when  the  gas  is 
supplied  in  the  form  of  a  premixture  with  its  air  in  combining 
proportions  over  all  other  modes  of  supply,  the  question  natu- 
rally arises  as  to  why  this  has  not  been  more  commonly  prac- 
ticed, and  once  the  idea  is  advanced,  why  there  should  be  any 
delay  in  at  once  proceeding  to  the  design  of  suitable  appli- 
ances. The  answer  is  to  be  found  in  the  peculiar  physical 
properties  possessed  by  such  mixtures  over  those  now  com- 
monly in  use,  which  make  them  difficult  to  control  in  the 
absence  of  detailed  knowledge  of  these  characteristic  proper- 
ties. In  fact,  without  such  knowledge,  design  of  apparatus  is 
quite  impossible  and  it  becomes  feasible  just  in  proportion  as 
information  of  the  needed  sort  is  established  by  experimental 
research. 

The  fundamental  peculiarity  of  such  mixtures  that  renders 
control  difficult  is  the  property  of  self -propagation  of  flame 
throi^h  them,  bringing  them  into  the  class  of  things  commonly 
termed  explosive.  As  all  the  mixture  is  in  a  condition  suit- 
able for  combustion,  once  the  ignition  temperature  is  reached, 
it  naturally  follows  that  as  the  combustion  temperature  is 
much  in  excess  of  that  of  ignition,  the  burning  of  however 
minute  a  quantity  of  mixture  at  a  point  of  ignition,  will 
promptly  heat  neighborii^  layers  of  mixture  far  above  their 
^ition  temperature,  so  that  the  flame  will  of  itself  proceed 
through  the  whole  mixture  mass  if  it  be  isolated  in  a  chamber. 
The  only  way  such  a  self -propagation  could  be  stopped  is  by 
preventii^  the  heating  of  a  fresh  layer  by  the  combustion  of 
its  neighbor,  such  prevention  taking  the  form  of  a  heat  absorp- 
tion by  some  solid  screen  at  a  rate  great  enough  to  permit  the 
screen  to  take  up  the  heat  of  combustion  of  all  the  mixture  in 
contact  with  one  side  without  itself  becoming  hot  enough  to 
warm  the  mixture  on  its  other  side  to  the  ignition  point.  It 
is  easy  to  make  such  flame  interrupting  screens  that  will  stop 
the  propagation  of  flame  through  an  explosive  mixture  once 
or  twice,  but  difficult  or  impracticable  to  make  them  so  as  to 
be  able  to  continue  to  do  so  indefinitely.    With  the  exception 
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of  the  internal  combustion  gas  engine,  gas  burning  apparatus 
requires  a  continuous  burning  of  gas  as  supplied  in  a  definite 
place  termed  the  burner  or  furnace.  When  explosive  gaseous 
mixtures  are  supplied  to  such  continuous  fires,  the  property  of 
self-propagation  operates  to  defeat  localization  of  the  com- 
bustion unless  specific  means  are  provided  in  the  des^n  of  the 
structure  to  make  the  treatment  of  the  mixture  conform  to  its 
physical  properties,  in  which  case  the  combustion  can  be  more 
definitely  localized  than  otherwise.  For  any  given  mixture 
there  is  a  definite  normal  rate  of  propagation  which  may  be 
equal  to,  less  or  greater  than  the  velocity  of  flow  of  the  mix- 
ture into  the  tire,  and  it  is  clear  that  localization  of  combustion 
will  depend  primarily  on  the  relation  of  these  two  rates,  that 
of  flame  pr(^>agation  and  that  of  flow.  If  they  are  equal,  that 
is,  if  the  flame  can  bum  back  toward  the  source  of  mixture 
simply,  just  as  fast  as  but  no  faster  than  the  mixture  reaches 
the  flame,  then  will  the  flame  remain  flxed  or  be  definitely 
localized.  In  fact,  the  above  is  the  primary  condition  for 
localization  of  the  combustion  of  explosive  mixtures,  because 
otherwise  the  flame  would  travel  back  to  the  source  of  supply 
or  be  blown  out  by  the  physical  pushing  away  the  faster  flow- 
ing fresh  stream  of  mixture.  Of  course,  localization  may  also 
be  secured  if  the  mixture  be  fed  through  a  flame  interrupting 
partition  at  a  flow  rate  inferior  to  that  of  propagation,  in  which 
case  the  localization  takes  place  on  the  face  of  the  partition, 
which  must,  of  course,  have  a  large  capacity  for  heat  absorp- 
tion indeflnitely,  which  means  in  effect,  that  it  must  be  able 
to  dissipate  or  transmit  to  some  other  body  the  amount  of  heat 
it  is  receiving,  or  otherwise  it  would  rise  in  temperature  to 
the  point  where  it,  by  igniting  the  mixture  on  the  supply  side, 
ceases  to  be  an  interrupter. 

Mixtures  of  the  sort  that  seem  best  from  the  standpoint  of 
dficiency  of  apparatus,  having  this  explosive  property,  require 
a  special  treatment  to  permit  of  their  use  in  commercial  appa- 
ratus, which  special  treatment  has  for  its  flrst  object  the  defl- 
nite  localization  of  the  flame.  The  means  employed  must, 
moreover,  be  so  positive  as  to  be  unaffected  by  long  continued 
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operation,  that  is,  the  localization  must  be  permanent.  There 
are,  however,  still  other  conditions  to  be  met,  such  as  control 
of  rate  of  combustion  per  square  foot  of  fire  or  per  cubic  foot 
of  furnace,  a  cook  stove  requiring  a  low  and  a  crucible  furnace 
a  high  rate,  and  as  such  mixtures  have  what  might  be  called  a 
natural  rate  corresponding  to  the  normal  rate  of  propagation, 
it  is  clear  that  specific  means  must  be  available  for  burning 
slower  or  faster  per  square  foot  of  gas  stream  cross  section. 
Furthermore,  any  one  burner  or  furnace  designed  for  some 
definite  or  normal  rate  of  combustion  or  gas  consumption, 
would  be  valueless  commercially  unless  it  would  operate  quite 
as  positively  at  a  "wide  range  of  variation,  both  above  and 
below  that  normal  rate.  In  other  words,  localization  of  the 
flame  must  not  only  be  positive,  and  any  desired  rate  of  com- 
bustion be  attainable  by  design,  but  in  addition,  hand  or  auto- 
matic interference  with  the  designed  rate  of  consumption  must 
not  in  any  way  interfere  with  the  localization.  In  some  cases 
it  is  desirable  that  the  burner  be  capable  of  reaching  its  normal 
or  steady  working  state  in  a  short  time,  such  for  example,  is 
the  case  with  a  domestic  cook  stove  burner,  while  on  the  other 
hand  a  slow  heating  corresponding  to  a  large  heat  storage  in 
the  furnace  is  necessary  when  articles  are  constantly  being 
thnwt  in  to  be  heated  and  then  drawn  out,  without  too  much 
change  of  temperature  in  the  furnace,  so  control  of  heat 
capacity  of  the  burner  must  be  available.  Finally  there  must 
be  provided  mechanical  means  for  making  the  desired  mixtures 
and  for  maintaining  the  desired  proportions  sufhciently,  means 
so  simple  and  automatic  as  to  require  no  more  skill  or  atten- 
tion on  the  part  of  the  operator  than  appliances  now  in  use. 

Accordingly,  this  review  of  the  work  of  development  of  the 
first  commercial  surface  combustion  appliances  is  divided  into 
the  following  divisions : 

1.  Localization  of  combustion  zone,  initially  on  starting  cold 
apparatus  and  its  permanency  with  the  attainment  of  the  steady 
state  of  the  fire. 

2.  Control  of  rate  of  combustion  per  square  foot  of  bed  or 
hearth  for  high  rates  and  low. 


D.gnzed  by  Google 


425 

3-  Control  and  adjustment  of  radiating  surface. 

4.  Auxiliary  apparatus. 

5,  Efficiency  of  surface  combustion  appliances. 

The  experimental  work  here  reported  has  all  been  done  by 
or  under  the  direction  of  the  writer,  partly  in  his  laboratory 
at  Columbia  University,  but  largely  in  the  laboratory  of  the 
Gas  &  Oil  Combustion  Co.  in  the  Chemists  Building.  Acknowl- 
et^ement  is  freely  made  of  the  contributions  of  the  laboratory 
staff,  headed  by  Mr.  Frank  Creelman  and  including  Messrs. 
E.  J.  Allen,  H.  L.  Ocumpaugh,  F.  A.  Wegener,  W.  B.  Eddison 
and  Prof.  E.  J.  Hall  of  Columbia. 

Only  the  results  of  New  York  City  illuminating  gas  are 
here  reported,  though  work  has  been  done  with  other  fuels, 
and  satisfactory  results  obtained  that  permit  the  statement 
that  all  fuels  in  the  gaseous  or  liquid  form  are  equally  avail- 
able to  the  process. 

Loctdization  of  Combustion  Zone. — Reasoning  from  the  fact 
that  the  flame  cap  or  surface  over  which  combustion  is  pro- 
ceeding, will  be  steady  in  location  only  when  the  velocity  of 
the  mixture  approaching  it  is  equal  to  rate  of  flame  propaga- 
tion for  such  a  mixture,  the  first  step  in  the  design  of  prac- 
ticable apparatus  is  the  formation  of  gas  passages  of  suitably 
changing  area,  since  the  velocity  of  gas  flow  for  small  changes 
of  pressure  will  vary  inversely  as  the  cross  section  of  the  flow 
path.  The  mixture  should  approach  the  fire  zone  throi^h  a 
small  tube  or  orifice  at  a  rate  greater  than  the  normal  velocity 
of  flame,  but  immediately  beyond  there  should  be  an  enlarge- 
ment of  the  cross  section  of  the  passage  to  permit  of  velocity 
reduction,  which,  if  carried  far  enough,  will  finally  cause  flow 
velocity  to  drop  to  equality  with  flame  velocity,  which  was,  at 
the  point  of  entrance,  in  excess.  Mechanical  constructions  that 
will  permit  of  this  can  be  designed  in  almost  endless  variety, 
many  of  them  equally  good,  but  for  the  best  results  certain 
precautions  must  be  observed,  notably,  first,  the  tendency  for 
a  gas  jet  escaping  from  an  orifice  under  pressure  to  resist  side- 
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wise  expansion  so  that  even  if  the  passage  offers  an  increasing 
area  for  flow,  the  gas  stream  may  not  fill  it  unless  forced  to 
do  so  by  bafBes  or  their  equivalent,  and  secondly,  the  tendency 
for  free  jets  flowing  through  a  gaseous  atmosphere  of  products 
of  combustion,  for  example,  to  entrain  or  diffuse  with 
that  atmosphere  at  the  edges,  becoming  so  dilute  as  to  not 
bum  properly,  if  at  all. 

Perhaps  the  simplest  apparatus  would  be  a  very  narrow 
angle  conical  passage  to  which  mixture  is  fed  at  the  smaller 
end;  the  stream  expanding  sidewise  to  always  All  the  cone 
would  reduce  in  velocity  and  permit  of  the  location  of  a  com- 
bustion surface  quite  definitely.  In  time,  such  l  conical  tube 
would  get  hot,  in  fact  at  the  section  where  the  flame  surface 
located  it  would  beqpme  incandescent  almost  immediately  if 
of  refractory  material,  or  melt  off  if  of  metal,  and,  of  course, 
tfie  narrower  section  along  which  the  fresh  mixture  approaches 
would  heat  by  conduction  and  warm  the  feeding  gas.  This 
mixture  heating  would  tend  to  increase  flow  velocity  and  push 
away  the  flame  surface  if  another  counter  influence  did  not 
prevent  it — the  increase  of  flame  propagation  rate,  which  is 
partly  due  to  rise  of  mixture  temperature  and  partly  to  the 
accelerating  effect  of  the  hot  solid  walls.  This  counter  influ- 
ence accelerating  combustion  and  drawing  the  flame  surface 
back  against  the  supply  current  is  really  stronger  than  the 
pushing  away  effect  of  velocity  increase  due  to  expansion  of 
the  stream  by  heating.  Such  cones  are  not  for  most  purposes 
good  forms  for  the  purpose  because  of  the  limit  imposed  on 
adjustment  of  rate  of  supply  which  if  varied  very  much  would 
cause  a  blow  off  or  a  back  flash  of  the  flame,  unless  the  cones 
were  extremely  long.  When,  however,  a  steady  rate  apparatus 
is  needed  and  flow  is  flxed,  there  may  be  just  enough  sidewise 
expansion  of  the  jet  issuing  from  a  simple  hole  in  a  plate  to 
locate  the  flame,  but  the  practical  uses  of  such  apparatus  are 
very  small. 

To  meet  the  needs  of  every-day  service  there  must  be  a 
more  positive  localization  of  the  combustion  surface,  insensible 
to  variation  of  mixture  pressure  or  flow  rate,  over  a  wide 
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though  definite  service  range,  and  this  requires  specific  pro- 
vision ior  stream  baffling  so  that  the  gas  stream  will  increase 
in  cross  section  rapidly  beyond  the  supply  point  of  minimum 
area  and  safe  maximum  flow  velocity.  Perhaps  the  simplest 
of  these  flame  spreaders  is  a  plate  over  the  hole  through  which 
mixture  escapes  as  in  Fig.  i.  By  placing  the  baffle  away  from 
the  plate,  carrying  the  orifice,  a  distance  equal  to  one-quarter  of 


ROUN 


the  diameter  of  the  orifice,  the  stream  direction  will  be  turned 
through  a  right  angle  without  changing  the  flow  velocity  until 
the  stream  moves  out  under  the  plate  beyond  the  hole,  when,  of 
course,  the  velocity  will  be  reduced  inversely  as  the  diameter 
of  the  circle  which  the  gas  occupies  at  any  one  time.  With 
a  hole  1/16  of  an  inch  in  diameter,  a  plate  spaced  1/64  of  an 
inch  away  could  reduce  flow  velocity  when  cold  to  one-eighth 
of  its  entrance  value  if  the  plate  were  J^  inch  in  diameter. 
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This  would  permit  o£  an  ei^t-fold  change  in  the  rate  of  flow 
when  cold,  keeping  the  flame  surface  always  under  the  plate, 
and  give  to  the  flame  surface  the  form  of  a  short  cylinder. 
Such  a  construction  offers  some  dit^culties,  as  in  operation  both 
plate  and  hearth  would  get  very  hot  and  unequally  so.  Start- 
ing at  the  center  the  plate  would  remain  dark,  becoming  in- 
candescent from  the  flame  zone  out  to  the  edge  which  would 
crack  most  plates  refractory  enough  to  resist  fusion,  even  if 
a  practical  way  of  making  such  plates  and  holding  them  in 
position,  were  available.  An  easier  construction  is  shown  in 
Fig.  2,  in  which  a  solid  (alundum  cement)  cone  with  three 
small  ribs  is  placed  in  a  counterbore  of  the  feed  hole..  This  is 
self-locating  when  in  the  position  shown,  but  not  otherwise, 
Still  another  form  that  holds  the  baffle  definitely  against  side 
movement  is  shown  in  F^.  3,  in  which  the  baffle  is  shaped 
somewhat  like  a  mushroom  with  a  square  section  stem  which 
fits  loosely  in  an  enlargement  of  the  feed  hole,  so  that  the 
flow  area  does  not  change  materially  until  the  escaping  mixture 
strikes  the  underside  of  the  head  and  is  deflected  outward. 
The  dimensions  given  are  those  used  on  some  that  gave  good 
service  with  mixture  pressures  up  to  three  inches  of  water, 
though  a  little  troublesome  to  make  and  apt  to  break  if  not 
gently  handled.  The  most  permanent  form  of  this  class 
of  molded  baffles  is  the  refractory  ball  in  a  conical  hole  as 
shown  in  Fig.  4,  and  it  is  interesting  to  note  that  the  ball,  re- 
maining suspended  in  the  jet  and  keeping  by  reason  of  its 
weight  a  constant  velocity  of  the  jet  around  it,  insures  that 
the  flame  locate  above  it,  keeping  it  cooler  than  otherwise,  so 
that  fire  clay  balls  have  remained  uninjured  whereas  the  same 
clay  a  short  distance  above  readily  fuses.  The  physical  ac- 
tion is  here  slightly  different  than  in  the  previous  cases,  the 
escaping  mixture  forming  an  expanding  and  velocity  reducing 
jet  of  ring  form  between  the  ball  and  its  seat. 

While  in  the  constructions  shown  as  typical,  localization  of 
the  combustion  surface  is  definite  and  mixtures  may  be  burned 
in  combinii^  proportions,  all  fail  to  produce  the  uniform  in- 
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candescence,  that  is  easily  obtainable  otherwise  with  such 
mixtures,  though,  of  course,  a  series  of  such  baffles  spaced 
uniformly  approach  this  resuh,  but  instead  of  giving  a  uniform 
glow  have  a  spotty  appearance  from  black  to  truly  incandes- 
cent. It  is  found,  however,  that  a  porous  screen  of  any  sort 
placed  in  the  path  of  the  escaping  gases,  will  get  uniformly 
hot  and  such  screens  have  been  used  of  three  sorts,  first — a 
perforated  plate  of  metal,  made  of  one  of  the  non-oxidizable 
alloys  such  as  are  used  in  electric  heaters ;  second — a  layer 
of  granulated  refractory  material ;  and  third — a  diaphragm  of 
bonded  granular  material,  the  most  satisfactory  of  which  were 
made  of  Norton  alundum.  Of  course,  the  less  mass  given  to 
the  screen  the  more  rapidly  it  reaches  incandescence  initially, 
and  in  this  respect  the  metal  screen  is  best.  One  of  these  placed 
3/8  inch  over  a  hearth  4^  inches  diameter  supplied  with  35 
holes  each  1/16  inch  diameter  and  %  inch  ball  bafHes,  heated 
in  six  seconds,  while  diaphragms  thick  enough  to  be  mechani- 
cally strong  may  take  five  minutes,  though,  of  course,  the 
latter  are  more  permanent.  With  the  same  arrangements,  ex- 
cept that  the  mushroom  baffles  were  used  instead,  the  follow- 
ing consumptions  of  gas  were  measured  at  the  corresponding 
pressures  and  gave  a  steady  dull  red  at  the  lowest  rate  and 
correspondingly  brighter  at  the  higher  rates;  7.25,  g.i,  10.9 
12.2,  and  14.2  cubic  feet  of  gas  per  hour  at  1.00,  1.5,  2.0,  2.5, 
and  3.0  inches  of  water  pressure.  A  similar  set  of  mushroom 
baffles  set  in  a  vertical  hearth  and  having  a  screen  cf  crushed 
fused  silica  ^  inch  deep  of  size  between  20/64  ■'^ch  and 
13/64  inch,  held  in  place  by  a  second  screen  of  wire  mesh, 
heated  to  incandescence  in  3^  minutes  at  a  supply  pressure 
of  2  inches  of  water. 

All  the  previously  described  bafflti^  means  intended  to 
assist  the  spreading  of  the  mixture  stream  beyond  the  point 
of  high  velocity  supply,  and  many  others  of  the  same  class, 
are  used  to  counteract  the  natural  tendency  of  gas  jets  to  re- 
main intact  and  resist  sidewise  expansion.  It  is  possible,  how- 
ever, to  make  use  of  this  natural  tendency  of  jets,  and  inci- 
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dentally  secure  a  very  high  degree  of  incandescence,  higher  in 
fact  than  is  possible  by  any  other  known  means,  using  air 
and  the  same  gas.  Moving  the  nozzle  away  from  the  baffle 
and  making  the  bafHe  porous,  (using  for  convenience  in  ex- 
perimental work  a  pile  of  refractory  granules)  the  top  or 
impact  surface  may  be  shaped  to  conform  to  the  natural  mush- 
room of  the  jet  as  it  strikes.  For  any  degree  of  porosity,  and 
jet  velocity  or  supply  pressure,  there  is  some  best  distance  and 
impact  face  shape,  that  permit  all  mixture  striking,  whether  at 


Fig.  5,— Means  for  localizing  the  combustion  lone 
at  the  external  radiating  surface. 

the  center  or  edges,  to  have  just  the  right  velocity,  that  of 
propagation,  in  contact  with  the  material,  so  that  combustion 
takes  place  in  contact  with  the  outer  or  radiating  surface 
which  then  has  the  maximum  possible  temperature.  It  is  essen- 
tial that  the  impact  face  be  porous,  so  that  the  products  may 
readily  escape  through  instead  of  forming  dead  gas  films 
which  separate  the  combustion  surface  from  the  solid  faces 
and  insulate  the  latter  from  the  heat  of  the  former.  In  this 
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manner  a  surprisii^  d^ree  of  radiance  is  obtained,  due  to 
the  high  rate  of  combustion  of  a  mixture  containing  no  excess 
air  excqit  possibly  at  the  outer  ec^es  by  entrainment.  At 
3.2  inches  mixture  pressure  40  cubic  feet  of  gas  per  hour 
were  burned  over  about  four  square  inches  of  surface,  which 
corresponds  to  over  1^400  cubic  feet  per  square  foot  per  hour 
and  more  than  800,000  B.  t.  u.'s  per  hour  per  square  foot. 
Higher  rates  of  combustion  than  this  are  obtainable  but  not 
all  developed  on  the  radiating  surface  itself. 

In  view  of  the  importance  of  developing  as  large  an  amount 
of  heat  as  possible  in  the  radiant  form,  in  addition  to  the 
localization  of  the  combustion  zone,  and  considerii^  that 
loose  granules  or  porous  diaphragms  of  refractory  may  serve 
the  double  purpose  of  the  radiating  screen  and  of  the  actual 
baffling  or  mixture  stream  spreader,  everything  else  may  be 
abandoned  in  favor  of  these  refractories,  except  perhaps  for 
certain  special  purposes  for  which  special  forms  may  be  best. 
Nearly  all  the  work  done  has  been  concentrated  on  an  effort 
form  bore,  and  if  when  cold  the  flow  velocity  is  great  enot^h 
to  learn  how  these  granular  beds  and  bonded  diaphragms 
should  be  handled  to  yield  commercial  apparatus,  and  by 
reason  of  the  simplicity  of  the  loose  bed  it  has  been  consist- 
ently favored  for  most  uses  over  the  bonded.  A  uniformly 
grained  bed  of  loose  granular  material  will  act  as  a  substan- 
tially perfect  spreader  of  the  mixture  issuing  from  an  orifice 
covered  by  the  bed  but  the  quantitative  effect  of  variations 
in  size  of  grain,  imperfections  in  shape  or  non-uniformity  of 
size,  tc^^ether  with  shape  of  bed  and  its  relation  to  shape,  size 
and  position  of  the  feed  orifice,  are  all  to  be  determined  by 
experiment  only.  Most  of  the  detailed  data  of  this  sort  will 
be  omitted  as  not  of  general  interest,  but  the  following  series 
of  experimental  determinations  illustrate  the  most  important 
of  the  general  principles  that  must  be  observed  for  successful 
operation.  One  of  the  simplest  imaginable  arrangements  is 
shown  in  Fig.  6  where  a  single  nozzle  5/16  inch  in  diameter 
projects  Ij4  inches  into  a  bed  of  broken  fire  brick  which 
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material  is  very  convenient  for  studying  the  ultimate  position 
and  shape  of  the  combustion  zone,  as  the  material  will  fuse 
and  bond  at  that  place.  The  bed  was  held  in  a  square  brick 
box  6^  inches  on  a  side  and  5  inches  deep  and  the  nozzle  was 
fed  with  mixture  at  3.2  inches  pressure  and  starting  with 
coarse  grain  l^  inch  to  ^  inch,  the  mixture  on  ignition  flashed 
instantly  down  through  the  bed,  locating  below  quite  near  the 
nozzle,  as  shown  later  by  the  more  or  less  spherical  lump  that 
fused  together.    The  same  action  took  place  with  smaller  grain 


Pig.  6. — Apparatus  for  demonstrating  the  spherical  form  of  the 
combustion  sarface  when  micturc  is  aupplied  from  a  nozzle 
sarrounded  by  granular  refractory. 

as  it  was  reduced  in  size  successively  from,  3/8  inch  to  5/'6 
inch,  5/16  inch  to  1/4  inch,  1/4  inch  to  3/64  inch  3/64  inch  to 
5/32  inch,  5/32  inch  to  3/32  inch,  but  a  further  reduction  in 
size  resulted  in  a  different  action.  On  using  grains  from  3/32 
inch  to  1/16  inch,  in  size,  the  mixture  on  ignition  burned  on 
top  instead  of  flashing  down  throt^h  the  voids  to  its  normal 
surface  about  the  nozzle.  In  a  few  minutes  the  top  layer 
became  hot  and  then  seemed  to  cool  but  scraping  away  the  top 
it  could  be  seen  that  the  combustion  surface  had  receded  and 
after  running  a  suflficient  time  this  prc^essive  heating  from 
the  outside  down  toward  the  nozzle,  resulted  in  a  final  loca- 


D.gnzed  by  Google 


433 

tion  of  the  combustion  zone  about  where  it  was  before,  with 
the  coarser  material  with  which  it  flashed  back  instantly  to 
its  normal  position.  Of  course,  in  either  case  the  whole  bed 
get5  hot  in  time  but  with  coarse  grains  it  heats  from  the  nor- 
mal combustion  zone  near  the  nozzle  out  and  upward,  while 
with  small  enough  grain  the  outside  top  heats  first,  the  flame 
drawing  down  slowly,  a  difference  in  action  which  requires  an 
explanation. 

When  the  grain  is  fine  enough  it  acts  like  a  flame  interrupt- 
ing screen,  each  little  crevice  between  neighboring  grains  dis- 
charging so  little  mixture  that  its  heat  of  combustion  can  for 


Fig.  7, — Apparatus  for  demonstrating  uniformity  of  position  of  com- 
bustion surface  with  different  sizes  of  grain. 

an  appreciable  time  be  absorbed  by  the  solid  grain  in  contact 
without  raising  the  lower  side  to  the  ignition  point,  radiation 
from  the  outside  surface  helping  to  keep  down  the  tempera- 
ture. In  time,  however,  the  lower  side  of  the  top  layer  gets  hot 
and  the  combustion  surface  recedes,  doing  so  more  rapidly 
once  it  has  passed  under  the  top  layer  because  then  radiation 
cooling  is  lessened,  leaving  more  heat  for  the  grain  to  take  up. 
It  follows  also  that  with  the  finer  grain  the  less  total  mixture 
will  escape  from  such  a  round  nozzle  as  it  tends  to  fill  the 
orifice,  so  the  total  amount  of  heat  developed  will  be  less  than 
83 
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with  coarse  grain.  To  show  that  the  stoppage  of  the  nozzle  by 
the  grain  reducing  the  total  gas  flow  and  heat  generation  with 
fine  grain  is  not  responsible  for  the  difference  in  flame  action 
at  the  start  as  compared  with  coarse  grain  but  that  the  dif- 
ference is  due  to  the  difference  in  the  mode  of  gas  flow 
through  the  bed  itself  with  corresponding  more  intimate  con- 
tact between  mixture  and  grain  the  smaller  the  latter.  The 
same  series  of  results  were  obtained  in  a  pyrimidal  chamber, 
shown  in  Fig.  7,  in  which  the  nozzle  is  a  pair  of  hacksaw  cuts 
in  a  I  inch  pipe  cap,  the  whole  being  shown  in  the  photo- 


Pig.  S.— Apparatus  for  demonstrating  uaiformityof  position  of 
combustion  surface  with  different  sixes  of  giain. 

graph,  Fig.  8.  With  such  slot  outlets  for  the  mixture  the 
flow  is  substantially  the  same  for  all  the  different  sizes  of 
grain  given,  yet,  not  only  did  the  top  heat  first  with  the 
3/32  inch-i/16  inch  grain  and  then  bum  back  but  also  with 
the  laiger  5/32  inch-3/32  inch,  with  which  it  required  ten 
minutes  to  draw  the  combustion  zone  down  through  the  bed 
to  its  normal  place  and  fuse  a  lump  of  granules  over  the 
cross  slot. 

In  establishing  the  action  just  described,  the  use  of  fire  brick 
as  the  grain  was  most  satisfactory  as  each  test  gave  a  fixed 
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record  of  what  had  happened  in  the  form  of  a  fused  lump,  but 
once  it  was  clear  that  the  size  of  grain  made  only  a  starting  or 
temporary  difference  in  action,  then  longer  runs  became  desir- 
able to  bring  out  the  possible  heating  effect  on  the  nozzles  and 
for  these  long  runs  refractory  grain  was  used,  including  mag- 
nesite,  chrome  ore,  both  natural  lumps  and  broken  brick,  fused 
silica,  lime  and  alundum.  With  these  materials  the  long  runs 
showed  that  some  forms  of  feed  orifices  became  heated  so  as 
to  ignite  the  mixture  in  the  feed  pipe  while  with  others  this 
action  did  not  take  place,  permitting  operation  for  an  indefinite 
time.  It  was  not  clear  at  the  time  just  what  caused  the  trouble 
since  it  frequently  happened  that  the  nozzle  that  worked  best 
was  really  much  hotter  than  another  that  flashed  back  almost 
as  soon  as  the  steady  state  was  established.  At  any  time  an 
increase  in  the  pressure  at  which  the  mixture  was  supplied 
would  have  so  increased  the  volume  of  flow  as  to  drive  the 
combustion  surface  to  a  safe  distance  from  the  nozzle  but 
it  was  deemed  unwise  to  leave  the  matter  here,  because  first, 
all  domestic  apparatus  must  operate  on  low  pressure,  lower 
than  that  of  the  gas  in  the  local  mains,  and  second,  all  indus- 
trial apparatus,  for  which  gas  pressure  boosting  would  not  be 
objectionable,  would  at  some  time  be  operated  at  part  capacity 
or  turned  down,  which  is  equivalent  to  low  pressure  operation. 
The  next  question  investigated,  therefore,  was  this  per- 
manence of  the  localization  of  the  flame  surface  or  combus- 
tion zone,  and  the  discovery  of  means  for  securing  an  indefi- 
nite time  of  operation  without  disturbance  from  long  con- 
tinued heating  even  over  several  days  even  with  low  mixture 
pressures  so  low  as  to  heat  the  hearth  end  of  the  nozzle  above 
the  ignition  point.  It  is  clear  at  the  start  that  iron,  or  in  fact 
any  metal,  must  be  kept  away  from  the  feed  orifice  proper 
which  in  effect  means  that  in  order  that  appliances  may  operate 
on  low  pressures  it  is  necessary  that  the  mixture  enter  the  fire 
chamber  through  a  refractory  orifice  or  when  the  biu'ner  is 
lined  with  refractory,  as  it  should  be,  the  mixture  must  enter 
through  a  hole  in  the  lining  or  what  might  be  properly  called 


D.gnzed  by  Google 


436 

the  hearth.  A  long  series  of  experiments  were  made  with 
different  mixture  entrances  that  were  for  a  time  extremely 
puzzling  but  which  finally  could  be  summed  up  in  a.  very  few 
words.  All  feed  holes  will  become  incandescent  at  the  fire 
end  with  low  gas  pressures  and  heat  will  flow  back  throu^ 
the  bounding  material  of  the  hole  and  these  hot  walls  will  heat 
the  mixture  passing  through.  No  harm  will  result,  however, 
even  from  a  bright  red  heat  on  the  walls  of  the  hole,  provided 
the  latter  is  of  uniform  bore  over  the  heated  part  and  has 
no  enlargement  of  cross  section  with  corresponding  low  mix- 
ture flow  velocity  except  at  points  that  never  get  hotter  than 
the  point  of  ignition.  To  put  it  otherwise,  the  mixture  pass- 
ageway may  be  at  any  temperature  without  harm  if  of  uni- 
form bore,  and  if  when  cold  the  flow  velocity  is  great  enough 
to  prevent  back  flash.  Under  these  conditions  localization  of 
the  combustion  will  be  permanent.  Naturally  anything  that 
will  reduce  the  temperature  of  the  supply  tube,  like  radiation 
to  the  air,  will  also  shorten  the  length  of  the  necessary  uni- 
form bore  portion  as  will  also  the  use  of  more  non-conducting 
material.  Finally  it  was  found  that  the  length  of  uniform 
bore  feed  pipe  that  would  be  cool  enough  at  its  supply  end 
to  be  joined  to  a  larger  mixture  header  or  box,  was  greater 
for  large  than  for  small  holes  or  that  the  allowable  length  was 
a  definite  number  of  diameters.  For  example,  in  an  apparatus 
such  as  illustrated  in  Fig.  9,  with  a  single  refractory  lined 
tube,  feeding  a  cylindrical  combustion  chamber,  all  of  alun- 
dum  cement  encased  in  metal,  a  hole  of  %  inch  diameter  and 
6  inches  long  could  be  operated  indefinitely  at  i  inch  water 
pressure  even  after  the  chamber  had  been  made  very  hot  by 
previous  operation  at  much  higher  pressures,  whereas  a  '/i* 
inch  diameter  hole  of  the  same  length  flashed  back  at  1.5 
inch  water  pressure,  and  continued  to  do  so  after  periods 
ranging  about  three  hours  even  after  its  length  had  been  in- 
creased to  IS  inches.  Small  diameter  orifices  of  say  '/n  ™ch 
diameter  have  on  the  other  hand  been  operated  indefinitely 
on  pressures  as  low  as  0.2  inches  of  water  when  about  1% 
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inches  long.  Back  flash  after  long  periods  of  operation  by 
heating  up  of  the  supply  system  may,  therefore,  be  prevented 
by  proper  design,  that  is,  by  selection  of  suitable  proportions 
in  accordance  with  the  announced  principles  and  the  estab- 
lished data  and  localization  of  the  combustion  zone  will  be 
correspondingly  insured  against  disturbance. 


Pig.  9. — Apparatus  for  determining  the  ratio  of  length  to  diameter 
of  feed  hole  to  control  "Back  Heating." 

Rate  of  Combustion  per  Square  Foot  of  Bed  or  Hearth. — 
Passing  now  from  the  discussion  of  localization  of  the  com- 
bustion zone  or  flame  surface  and  the  means  for  keeping  it  per- 
manently localized,  the  next  question  of  importance  is  that  of 
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control  of  rate  of  heat  generation  per  sq.  ft.  of  fire  bed,  which 
is  a  problem  of  distribution  of  the  burning  mixture  over  sur- 
faces as  large  or  smalt  as  may  be  demanded,  and  of  maintaining 
high  or  low  degrees  of  incandescence  over  these  surfaces.  This 
now  seems  a  very  simple  matter  but  for  a.  considerable  time 
it  seemed  even  more  elusive  than  the  prevention  of  back  flash 
through  nozzles,  which  was  annoying  enough.  There  are  really 
two  problems  here  and  though  related  the  relation  is  not  as 
clear  as  it  might  seem.  First,  the  problem  of  the  high  rate ;  at 
how  high  a  rate  may  gas  be  burned  and  how  may  the  structure 
be  formed  so  as  to  permit  of  steady  supply,  and  combustion  at 
this  rate  over  any  given  surface,  and  second,  the  problem  of  the 
low  rate;  can  such  mixtures  be  burned  so  slowly  as  to  keep 
a  surface  just  hot  enough  for  frying  for  example,  and  may 
such  a  burner  be  turned  down  to  a  so-called  simmering  point 
without  giving  trouble,  and  if  so,  what  ideas  must  be  incorpor- 
ated in  the  construction? 

The  problem  of  the  high  rate  is  the  simpler  of  the  two,  as 
this  may  properly  be  termed  the  natural  rate,  assuming,  of 
course,  that  suitable  refractories  are  obtainable  for  the  corre- 
^onding  high  temperatures  and  that  the  principles  of  perma- 
nent localization  of  the  combustion  zone  are  understood  and  in- 
corporated in  simple  construction  of  apparatus.  When  the 
whole  cross  section  of  bed  is  taken  up  by  the  burning  gas 
stream  or  when  the  combustion  zone  occupies  the  whole  of  the 
bed  cross  section,  then  mixture  is  being  supplied  as  fast  as  it 
can  be  burned  within  the  space  available,  and  any  increase  in 
rate  of  supply  will  tend  to  push  the  combustion  zone  away  or 
result  in  the  phenomenon  of  blow  off.  This  is  the  condition  at 
the  limiting  high  rate  of  combustion  and  is  the  natural  rate  be- 
cause the  advancing  stream  of  mixture  fills  the  whole  available 
cross  section  of  fire  zone  and  combustion  surface  coincides  with 
bed  cross  section  in  area.  To  establish  this  high  rate  it  is 
necessary  that  the  mixture  be  supplied  af  first  when  everything 
is  cold,  at  a  lower  rate  and  after  the  bed  is  heated  then  its  ac- 
celerating effect  may  be  relied  upon  to  hold  localized  a  very 
much  increased  rate  of  mixture  supply  up  to  a  certain  maxi- 
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mum,  which  is  the  natural  or  high  rate  of  combustion.  This 
natural  high  rate  is  intimately  associated  with  the  pressure  of 
the  mixture  at  the  point  of  supply,  or  more  properly,  the  drop 
in  pressure  through  the  feed  holes  or  orifices,  for  holes  of  any 
given  size.  For  example,  in  such  a  simple  apparatus  as  that  of 
Fig-  9,  where  a  single  feed  hole  supplies  a  combustion  chamber 
of  larger  cross  section,  carrying  a  loose  granular  bed,  it  is  evi- 
dent that  at  some  low  pressure  the  combustion  surface  will  just 
cap  the  feed  hole  and  the  rate  of  combustion  will  be  natural. for 
a  bed  area  equal,  not  to  the  actual  bed  of  zj^  inches  diameter, 
but  on  the  contrary,  equal  to  that  of  the  feed  hole,  a  fraction  of 
an  inch  in  diameter.  Increase  of  mixture  supply  pressure  will 
push  the  combustion  surface  away  from  the  hole  unti!  finally 
it  will  extend  across  the  whole  bed  and  have  a  form  approxi- 
mating a  section  of  a  spherical  surface  lying  within  a  cylinder, 
the  axis  of  which  passes  through  the  center  of  the  sphere, 
which  latter  will  be  located  at  the  center  of  the  feed  hole. 
It  is  this  latter  condition  that  gives  the  high  rate  and  to  secure 
it  the  supply  pressure  must  be  big  enough  to  send  through  a 
small  feed  hole,  say  %  inch  in  diameter,  enough  mixture  to 
spread  out  and  fill  the  voids  in  the  bed  2^  inches  in  diameter, 
which  will  exceed  half  the  free  cross  section,  while  at  the 
same  time  the  flow  velocity  through  the  enlarged  cross  section 
must  be  as  great  as  the  rate  of  flame  travel  backward.  If  the 
ratio  of  bed  area,  with  a  given  percentage  of  voids,  to  feed  hole 
area  is  large  then  high  mixture  pressures  must  be  used  to 
secure  the  natural  high  rate,  so  if  only  small  mixture  pressures 
are  available  then  the  free  Sow  area  of  the  bed  may  not  exceed 
the  area  of  the  feed  hole  by  very  much.  In  any  case  large  beds 
may  be  heated  by  the  high  rate  of  combustion  only  by  multi- 
plication of  orifices  spaced  at  distances  equal  to  the  diameter  of 
the  combustion  surface  natural  to  the  supply  pressure  in  use. 
Before  such  spacing  of  feed  holes  for  high  natural  rates  of 
combustion  can  be  found,  it  is  first  necessary  to  investigate  the 
action  for  a  single  hole  in  a  given  bed,  to  find  the  relation  be- 
tween feed  pressures  and  the  ratio  of  active  bed  area  to  feed 
hole  area  that  will  cause  the  combustion  surface  to  fill  the  whole 
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bed  between  the  enclosing  walls.  As  an  illustration  of  the 
method  of  procedure,  it  being  impossible  here  to  record  much 
of  this  sort  of  data,  the  results  of  a  single  series  on  the  appa- 
ratus shown  in  Fig.  9,  will  serve.  In  this  series  the  pressures 
were  never  extended  above  J  2  inches  of  water  at  the  point  of 
mixture  supply  and  b^an  with  a  single  hole  '/,«  inch  in  diame- 
ter, discharging  into  a  cylinder  2^  inches  in  diameter,  area  6 
square  inches,  but  as  increase  of  pressure  to  the  maximum 
noted,  failed  to  supply  as  much  mixture  as  could  be  consumed 
in  the  available  area,  there  was  added  a  second,  a  third  and 
finally  a  fourth  hole,  even  then  not  reaching  the  limit.  With 
the  four  holes  and  at  a  pressure  of  io>^  inches  of  water,  there 
was  attained  a  rate  of  combustion  of  2460  cubic  feet  of  gas 
per  square  foot  of  bed  per  hour,  which  on  a  calorific  value  of 
600  B.  t.  u.  per  cubic  foot  is  equivalent  to  1,584,000  B.  t.  u. 
per  hour  per  square  foot.  There  was  no  indication  that  the 
limit  had  been  reached,  but  as  the  rate  was  high  enough  for 
practical  purposes,  so  high  as  to  give  trouble  with  available 
refractory  materials,  this  series  was  not  carried  beyond  these 
limits  thou|^  it  could  easily  have  been  done  with  higher 
pressures  or  with  a  larger  feed  area  than  four  */„  inch  holes 
=  0.3  square  inches.  The  conclusion  here  is,  that  rates  higher 
than  have  been  known  are  easily  obtainable  and  rates  higher 
than  any  refractory  in  common  use  can  resist,  so  if  any  ser- 
vice arises  that  demands  such  rates,  the  demands  can  be  met. 
It  might  be  noted  here  that  of  several  refractories  tried  the 
most  satisfactory  found  was  white  alundum,  with  linings  of 
alundum  cement,  preferably  mixed  with  alundum  grain  of 
several  sizes,  properly  proportioned  dry  to  fill  the  voids,  then 
mixed  wet,  rapidly  dried  and  finally  baked  at  a  bright  red 
heat.  The  size  of  grain  in  the  loose  bed  and  the  depth  of 
bed  do  each  exert  an  important  influence  within  limits,  but  in 
general  for  these  hi^  rates  the  larger  the  grain  the  better, 
though  there  is  little  if  any  advantage  beyond  one  inch  diame- 
ter, the  depth  in  any  case  being  little  more  than  suflicient  to 
prevent  the  gases  lifting  the  grain  off  the  hearth.  The  re- 
sistance in  the  bed  is  always  less  for  round  grain  than  for  flat 
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and  appreciably  so,  and  in  this  respect  the  form  of  fracture  of 
white  alundum  is  most  satisfactory.  In  the  above  mentioned 
series  white  alundum  from  yL  inch  to  }i  inch  diameter  was 
used  and  the  depth  averaged  2  inches.  The  results  of  this 
series  are  given  in  curve  form.  Fig.  10. 


Fig.  10.— Rate  of  flow  of  misture  through  different  numbers 
of  5/16"  feed  holes  at  various  pressures. 

Profcably  the  most  difficult  of  these  experimental  problems 
was  that  of  finding  a  suitable  structure  for  the  permanent 
localization  of  the  combustion  surface  for  very  low  supply 
pressures,  while  at  the  same  time  securing  any  desirable  low 
rate  of  combustion  over  the  bed  with  a  uniform  incandescence 
at  the  surface  such  as  would  be  suitable  for  cooking,  for  exam- 
ple. It  is  clear  that  the  lower  the  pressures  the  closer  to  the  feed 


D.gnzed  by  Google 


hole  will  the  combustion  surface  locate,  the  smaller  the  area 
of  bed  heated,  and  the  stronger  the  tendency  to  back  flash. 
This  fact  led  to  early  attempts  to  secure  low  rate  heat  dis- 
tribution by  other  means  than  that  of  feed  hole  supply  with  a 
series  of  spots,  each  having  natural  high  rates  of  combustion, 
located  practically  at  the  mouth  of  the  holes.  Mixture  sup- 
plied to  a  passageway  filled  with  fine  granules  or  a  porous 
brick,  will  flow  much  the  same  as  through  a  pipe  as  the 
porosity  supplies  a  multiplicity  of  small  paths  more  or  less 
mutually  communicating,  and  a  given  quantity  flowing  would 
have  a  mean  velocity  through  such  a  porous  layer,  the 
same  as  through  a  pipe  of  cross  section  equal  to  the  voids  ex- 
cept for  differences  in  friction.  Mixture  fed  into  such  a  bed 
in  any  convenient  way,  ranging  from  a  single  hole  under  a 
thick  bed  to  a  great  number  of  holes  under  the  whole  bed,  ob- 
tainable by  a  metallic  screen  support  for  loose  granules,  or 
the  under  surface  itself  of  a  bonded  diaphragm,  would  dis- 
charge the  mixture  uniformly  from  the  top  of' the  bed,  how- 
ever the  supply  was  arranged,  if  the  bed  were  thick  enough. 
This  seemed  to  be  at  first  the  most  promising  idea  to  follow 
for  low  rate  heat  distribution  especially  as  changes  of  area 
of  flow  path  so  necessary  for  localization  can  be  obtained  by 
two  means  quite  conveniently;  first,  by  using  two  layers  with 
the  upper  coarser  and,  therefore,  with  more  free  voids  than 
the  lower  fine  bed,  and  second,  by  changing  the  diameter  of 
the  containing  walls  that  hold  the  porous  bed. 

At  first  only  loose  granules  were  used  in  apparatus  such  as 
shown  in  Fig.  ii,  where  a  perforated  metal  plate  of  306  holes 
Iier  square  inch,  diameter  0.033  •"'^h,  and  27.8  per  cent, 
free  opening,  is  supplied  by  a  ^  inch  pipe,  discharging  into  a 
conical  space  under  the  screen.  On  the  top  of  the  screen 
rests  a  one  inch  bed  of  granules  S/64  inch  to  6/64  inch,  and 
over  it  another  one  inch  layer  of  larger  grain,  24/64  inch  to 
20/64  inch  diameter.  On  lighting  the  mixture  supplied  at  2 
inches  water  pressure  the  combustioa  zone  instantly  locates 
between  the  layers  at  the  point  of  change  of  free  flow  space, 
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due  to  the  difference  in  voids,  but  as  the  heat  penetrates  the 
lower  or  fine  bed,  the  combustion  zone  works  back  to  the 
screen,  which  happens  with  these  conditions  in  about  ten 
minutes.  All  sorts  of  changes  in  the  relative  sizes  of  the 
material  and  thickness  of  the  two  beds  or  number  of  layers 
yield  no  difference  in  the  result  except  as  to  the  time  it  takes 
the  combustion  zone  ultimately  working  back  to  the  screen, 
burning  it  out,  or  causing  a  flash  back,  or  both.  This  is  clearly 
due  to  insutHcient  velocity  of  flow  at  the  supply  end  of  the  bed 
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Fig.  1 1  .—Means  of  controHing  surface  distribution  of  heat  by  mix- 
ture supply  to  fine  granular  bed  on  screen. 

and  suggests  a  contraction  of  the  walls  toward  the  lower  end, 
as  in  Fig.  12,  where  a  slot  supply  is  substituted  for  the  screen 
as  it  does  not  burn  out  so  readily  if  by  accident  the  flame 
should  work  down  that  far.  As  before,  however,  the  com- 
bustion zone  worked  down  close  to  the  nozzle  but  not  so 
quickly  as  before,  suggesting  a  further  narrowing  at  the  bot- 
tom to  form  a  neck  as  in  the  forms  successively  tried,  as  shown 
in  Fig.  13,  14  and  15.  As  the  neck  is  thus  narrowed  the  com- 
bustion surface  no  longer  approaches  the  nozzle  so  closely, 
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stopping,  in  Fig.  13,  for  example,  about  i  inch  above  after 
^  hour  at  ^yi  inches  pressure,  and  in  Fig.  14  stopping  about 
i}^  inches  above,  while  in  Fig.  15  it  did  not  enter  the  'ower 
cylindrical  portion  at  all. 
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By  adjusting  the  space  between  the  walls,  the  flow  velocity 
through  the  lower  or  fine  bed  can,  therefore,  be  kept  high 
enough  to  control  the  location  of  the  combustion  zone,  regard- 
less of  the  manner  of  feeding  the  mixture  to  its  narrow  bot- 
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torn  part,  but  the  problem  is  by  no  means  solved.  All  these 
latter  forms  are  bad  in  another  respect  because  with  the 
thickness  of  bed  above  the  combustion  zone  the  top  is  hot  in 
the  center  and  cool  at  the  edges.  To  get  an  even  top  heat,  a 
greater  thickness  of  bed  above  the  combustion  zone  would  be 
required  but  this  is  already  too  thick  to  give  a  quick  initial 
heating,  so  another  change  in  construction  is  suggested,  in- 
corporating a  different  relative  position  of  the  narrow  lower 
neck  of  fine  material  and  the  top  surface  maintaining  about 
the  same  relative  areas  as  in  the  last  case,  which  were  found 
sufficient  to  hold  the  combustion  zone  above  the  cylindrical 
portion.  Such  an  alteration  was  made  by  enlarging  the  cylin- 
drical portion  and  inserting  a  solid  core  z'/i  inches  in  diameter 
so  the  mixture  rose  in  a  thin  ring  ^  inch  thick  around  the 
core,  tilled  with  fine  material  and  then  spread  out  at  the  top, 
heating  a  bed  of  5  inches  diameter.  This  gave  a  better  top 
heat  distribution  but  took  too  long  to  reach  a  steady  state, — 
almost  an  hour.  After  many  trials  of  various  proportions  it 
became  clear  that  if  uniform  top  temperatures  are  to  be 
quickly  obtained  with  low  rates  of  gas  consumption  over  ex- 
tended surface  that  single  feeds  through  single  or  double 
porous  'beds  will  not  suffice  and  some  other  plan  must  be  em- 
ployed. 

The  failure  of  the  single  point  supply  to  distribute  mixture 
so  as  to  not  flash  back  and  yet  quickly  and  uniformly  heat 
the  top  of  a  radiating  bed  with  a  low  rate  of  combustion, 
leads  to  the  conclusion  that  multiple  feed  orifices  must  be  used 
and  so  spaced  as  to  give  the  heat  distribution  desired  at  the 
available  pressure,  a  surface  bed  or  radiating  screen  of  suf- 
ficient thickness,  serving  to  localize  the  combustion  and  to 
equalize  the  otherwise  spotty  appearance.  It  might  appear 
that  this  could  be  done  by  drilling  holes  in  a  plate  dividing 
the  combustion  chamber  from  the  mixture  supply  chamber, 
but  from  what  has  been  said  about  the  conditions  for  perma- 
nent localization  of  the  combustion  zone,  it  is  clear  that  such 
an  orifice  plate  will  sooner  or  later  heat  through,  becoming 
hot  enough  on  the  supply  side  to  ignite  the  mixture  there 
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before  its  entrance  into  the  feed  holes.  Any  sort  of  feed  hole 
plate  is  out  of  the  question  unless  provided  with  means  for 
removing  heat  received  on  the'  combustion  chamber  face,  fast 
enough  to  b^ance  heat  conduction  through  it  toward  the 
source  of  supply,  and  effective  enoi^h  to  prevent  that  side 
from  becoming  a  point  of  ignition. 

It  has  been  shown  that  a  single  long  feed  hole  supplying 
a  combustion  zone  can  be  proportioned  so  as  to  permanently 
resist  backward  heat  flow  well  enough  to  insure  indefinite 
periods  of  operation,  so  it  naturally  follows  that  several  feed 


Fig.  t6.— Fint  cook  stove  top  burner  in  vhieh  localization  of  com- 
bustion surface,  back  heating,  distribution  of  heat  over  radiating 
surface  are  all  controlled. 


holes  might  be  grouped  so  as  to  be  fed  from  a  common  point, 
discharging  mixture  at  the  other  end  over  as  large  an  area  as 
needed  for  any  desired  surface  rate  of  combustion,  and  so  pro- 
portioned as  to  resist  heat  flow  as  effectively  as  with  one,  if 
the  necessity  for  the  latter  is  kept  clearly  in  mind.  This  con- 
ception is  the  basis  of  the  construction  shown  in  Fig.  16  which 
has  30  holes  molded  in  alundum  cement  by  wires  held  in  hole 
plates  at  the  ends  and  radiating  from  a  1%  inch  bottom  cham- 
ber in  the  iron  container  casting,  to  a  4^  inch  diameter  cir- 
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cular  top  bed.  To  insure  the  supply  chamber  end  of  these 
feed  holes  against  a  rise  of  temperature  to  the  ignition  point, 
it  is  necessary  only  that  the  distance  between  this  point  and 
the  hearth  be  long  enough.  When  it  is,  the  dissipation  of  heat 
from  the  side  walls  will  be  large  enough  to  balance  the  heat 
carried  down  through  the  solid  material  surrounding  the  holes, 
and  the  dimensions  shown  in  the  sketch  have  proved  to  be 
adequate  for  this  purpose.  Two  photographic  views  of  this 
burner  are  shown  in  Figs.  17  and  18,  the  first  reasonably  prac- 
tical burner  for  stove  service  operating  on  surface  combustion 
principles  but  still  imperfect  in  some  respects.    To  uniformly 


Fig-  17.— First  successful  cook  Btove  top  burner, 
solid  type,  top  view. 

heat  the  top  bed  of  loose  grain  of  white  alundum  or  broken 
fused  silica,  yi  inch  thick,  34  holes  were  molded,  as  shown, 
by  wires  1/16  inch  diameter  and  spaced  in  three  rings.  This 
arrangement  gave  a  quite  uniform  top  heat  and  was  operative 
at  low  gas  and  mixture  pressures  for  an  indefinite  time,  for, 
although  the  holes  of  the  central  -group  were  often  red  hot 
for  over  l  inch  below  the  hearth,  the  heat  dissipation  from 
the  sides  was  always  sufficient  to  prevent  the  lower  end  of 
the  holes  ever  reaching  the  ignition  temperature.    The  propor- 
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tions  used  were  selected  to  give  consumptions  somewhere  near 
those  of  the  standard  top  burners  of  ordinary  gas  cook  stoves, 
that  is,  at  mixture  pressures  of  2^  inches  water  the  consump- 
tion was  intended  to  be  about  15  cubic  feet  of  gas  per  hour, 
which  is  equivalent  to  about  100  cubic  feet  of  mixture.  Natu- 
rally, variations  in  bed  thickness,  size  of  grain  or  even  kind  of 
grain,  will  cause  changes  of  resistance,  the  latter  due  to  the 
variations  in  the  voids,  corresponding  to  different  character- 
istic fractures,  silica,  for  example,  tending  to  form  flat  faces 
while  white  alundum  breaks  more  nearly  round.  The  charac- 
teristic consumption  tests  at  various  low  pressures  are  given 


'  Fig.  18.— First  succewful  cook  slove  top  burner, 

solid  type,  side  view. 

in  curve  form.  Fig.  19,  showing  that  at  2,5  inches  water  this 
stove  burner  consumed  about  17  and  15J4  cubic  feet  of  gas 
with  the  silica  and  white  alundum  beds  respectively,  the  stand- 
ard of  15  cubic  feet  per  hour  being  equivalent  to  150  cubic 
feet  per  hour  per  square  foot.  By  varying  the  diameter,  length 
and  spacing  of  holes,  keeping  the  general  arrangement  here 
indicated,  practically  any  desired  rate  is  obtainable,  though  the 
general  design  is  the  result  of  the  search  for  a  construction 
suitable  for  a  properly  distributed  low  rate  of  combustion. 
To  illustrate  the  ease  of  adaptability  of  this  general  type 
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construction  of  surface  combustion  burner  to  any  desired  rate 
over  any  surface,  three  other  burners  are  shown,  one  each 
designed  for  a  muffle  furnace,  a  crucible  furnace  and  a  steam 


Fig,  19.— Rale  of  combusliou  at  various  preisiires  on  circular  bed, 
4'/,"  in  diameter,  supplied  by  34  holes,  each  '/„"  diameter.  Upper 
curve  for  a  bed  of  white  alundum,  ",'«,"  to  "/«"  grain,  '/,"  thick. 
Lower  curve  for  a  bed  of  (used  silica  ",.,,",  to  "/(."■  ',  /'  thick. 

boiler  fire,  respectively.    The  first  of  these,  intended  for  plac- 
ing below  an  assay  muffle,  is  shown  in  sketch  form  in  Fig.  20 
and  photographically  in  Figs.  21  and  22,  on  which  latter  the 
84 
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chalk  line  indicates  the  beginning  of  the  feed  holes.  This 
burner  had  a  rectangular  hearth,  6  inches  by  lo  inches,  sup- 
plied by  96  holes,  molded  in  alundum  cement  in  a  cast  iron 


:SS 

casing  and  at  3  inches  of  water  mixture  pressure  consumed 
120  cubic  feet  of  gas  per  hour,  over  60  square  inches,  equiva- 
lent to  288  cubic  feet  per  hour  per  square  foot    A  still  higher 
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rate  over  an  annular  hearth  was  obtained  in  the  small  crucible 
furnace  burner  of  the  same  general  type  shown  in  Fig.  23,  the 
combustion  zone  lying  between  the  side  insulation  and  a  central 
cylindrical  muffle  used  to  keep  the  crucible  chamber  clear  but 
not  at  all  essential  to  the  operation,  though  it  helps  to  keep 
the  crucible  bottom  cooler  than  it  otherwise  would  be.  In  this 
burner  20  holes,  each  0.14  inch  in  diameter,  were  distributed 
so  as  to  be  on  the  surface  of  a  cone  supplying  a  hearth  lying 
between  two  circles,  4^  inches  and  2^  inches  in  diameter,  the 
area  of  which  is,  therefore,  15.9  —  5.9  =:  10  square  inches. 
The  consiunption  was  40  and  47  cubic  feet  per  hour  at  2.5 
inches  and  3.0  inches  respectively,  which  are  equivalent  to  576 


Fig.  21. — Top  view  of  solid  type  of  muffle  furnace  burner,  showing 
white  alundum  loose  granular  bed  at  side. 

and  677  cubic  feet  per  hour  per  square  foot  of  hearth.  An 
example  of  how  this  type  construction  may  be  adapted  to 
extension  of  hot  surface  or  hearth  over  large  areas  without 
excessive  length  of  holes  in  the  solid  group  is  shown  in  the 
photograph.  Fig.  24,  where  three  sections  of  wedge  form,  each 
I  by  3  feet,  make  tc^ether  a  hearth  of  9  square  feet.  This 
burner  was  tried  out  in  the  fire  box  of  the  Baldwin  locomotive 
in  the  Mechanical  Engineering  Laboratory  at  Columbia  Uni- 
versity as  to  its  capacity  and  the  proper  design  of  fan  blast 
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and  pipe  connection.  Mixture  was  supplied  through  a  12  inch 
header  to  three  5  inch  branches,  one  to  each  burner  and  gas 
supplied  through  a  6  inch  main  from  the  street  was  measured 
in  a  Wylie  proportional  meter,  loaned  for  the  purpose  by  the 
Equitable  Meter  Co.,  and  at  10  inches  water  the  rate  would 
be  20,000  cubic  feet  of  gas  per  hour. 

While  the  molding  of  groups  of  feed  holes  in  tapered  banks, 
long  enough  to  keep  the  mixture  chamber  from  reaching  the 


Fig.  J2.— Side  view  of  solid  type  muffle  furnace  burner, 
showing  bed  in  place. 

ignition  temperature,  is  a  perfectly  feasible  mechanical  con- 
struction and  capable  of  insuring  indefinitely  long  operation  at 
any  desired  rate  of  combustion  per  square  foot  of  hearth,  it 
has  certain  disadvantages  that  warrant  a  search  for  an  improve- 
ment that  will  remove  them.  In  the  lirst  place  it  is  somewhat 
troublesome  to  mold  the  plastic  material  between  casing  and 
wires  so  as  to  secure  a  solid  mass  that  will  not  crack  on  sub- 


D.gnzed  by  Google 


453 

sequent  unequal  heating,  and  when  large  these  sections  are 
very  heavy  and  easily  broken  by  shocks  that  may  come  when 
setting  them  in  place.  They  are,  moreover,  necessarily  high, 
too  high  for  many  locations,  such  as  a  cook  stove  or  boiler 
furnace  if  present  proportions  of  frames  and  settings  are  to 
be  maintained.  These  with  some  others  of  minor  value  are 
sufficient  objections  to  warrant  a  search   for  a  better  form 


Fig.  33, — CoDstrucUon  of  small,  solid  type  muffle  furnace. 

though  not  enough  to  abandon  the  present  form  if  no  better 
is  available. 

Fortunately,  a  better  form  and  one  that  is  completely  satis- 
factory in  all  respects  has  been  found,  and  it  naturally  follows 
from  a  little  analytical  reasoning.  The  holes  through  which 
the  mixture  is  to  be  supplied  must  be  cooled,  and  the  cooling 
must  be  effective  enough  to  keep  the  supply  end  above  the 
temperature  of  ignition,  but  no  more  cooling  than  will  do  this 
is  necessary  or  of  value.    In  addition,  the  holes  must  be  spaced 
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at  the  hearth  for  proper  distribution  of  heat  and  the  desired 
rate  of  combustion  per  square  foot  of  hearth.  Banking  them 
in  groups,  as  has  been  shown,  will  accomplish  this,  but  it  is 
dear  that  complete  or  partial  structural  independence  of  the 
holes  by  forming  them  in  tubes  so  each  may  be  cooled  inde- 
pendent of  the  other  or  even  forming  them  in  ribs  with  inde- 
pendent cooling  in  at  least  two  directions,  is  better  and  more 
effective  than  a  form  in  which  the  heat  to  be  dissipated  from 


Fig.  34.— View  of  three  large  aolid  type  burners,  forming  an  actiTC  bed, 
3  feet  square,  capable  of  burning  20,000  cu.  ft.  of  gas  per  hour. 

an  inner  hole  must  be  conducted  past  an  outer  one  also  develop- 
ing heat  of  its  own. 

Accordingly  this  principle  has  been  incorporated,  and  burn- 
ers constructed  that  seem  in  every  way  to  be  satisfactory 
commercial  forms  for  the  essential  element  of  all  sorts  of 
surface  combustion  apparatus.     The  construction  of  the  first 
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of  these  designed  as  a  top  burner  for  a  domestic  cook  stove  is 
shown  in  the  sketch.  Fig.  25  and  photographically  in  Figs.  26 
and  27,  the  casting  and  fire  brick  lining  separate,  Fig.  28,  the 
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lining  secured  in  place  after  drilling  the  feed  holes  in  each  of 
the  separately  formed  cast  posts.  To  insert  the  linii^,  wires 
are  inserted  in  the  drilled  holes  while  pressing  the  lining  in 
place,  the  cement  forming  a  perfect  hole  in  the  hearth,  exactly 
registering  with  the  drilled  hole  in  the  casting.    Fig  29  shows 
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the  completed  burner  with  the  granular  bed  in  place,  in  this 
case  crushed  and  sized  fused  silica.  This  burner  has  35  holes 
each  1/16  inch  in  diameter  but  other  diameters  have  been  used, 
as  well  as  other  material  for  the  bed  of  all  sorts  of  thicknesses 
and  while  the  consumption  and  top  temperature  vary  with 


Hig.    l6. — Top   view   of    second   form    of   cook   Etove  burner,  showing 
casting  before  drilling,  on  tbe  left,  and  fire  brick  lining  on  the  rigfat. 


Fig.  17.— Side  view  of  second  form  of  cook  stove  burner,  showing  cast- 
ing on  tbe  left,  and  fire  brick  liatng  on  the  right. 

each,  practically  everything  works  well  and  any  result  de- 
sired by  the  designer  is  obtainable  by  simple  sdection  of  suit- 
able dimensions.  In  Fig.  30  are  shown  a  pair  of  characteristic 
consumption  curves.  Burners  of  this  class  have  been 
thoroughly  tested  under  both  laboratory  and  kitchen  service 
conditions,  separately  and  as  incorporated  in  complete  cook- 
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stoves,  having  in  addition  inverted  broiler  burneri  with  60 
holes,  1/16  inch  diameter  in  two  rows,  with  a  long  narrow 


Fig.  18. — Top  view  of  second  form  ot  cook  stove  burner,  showing  fire 
brick  lining  in  place  and  loose  refractory  filling  at  the  right. 


Fig.  ig.— Second  form  of  cook  atove  burner  complete 
and  ready  for  operation. 

rectangular  hearth  having  loose  granular  material  held  in  place 
by  wire  mesh  screens.    Three  of  these  placed  in  the  top  of  the 
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Vulcan  hotel  broiler  shell  gave  consumptions  of  38,  43  and  50 
cubic  feet  of  gas  per  hour  at  pressures  of  i  inch,  iH  inch  and 
2  inch  respectively,  all  making  a  bright  broiling  heat,  that 
gives  excellent  service. 

This  screen  construction  is  well  shown  by  the  illustrations 
of  a  curved  face  room-heater  burner,  designed  to  fit  in  a 
Vulcan  heater  shell  in  the  photographs.  Figs.  31,  32,  and  33. 
The  first  shows  the  new  heater  complete  with  an  automatic 


Fig.  30.— Rate  of  combustian  at  varions  pressures  on  circular  hearth 
of  cook  stove  top  burner,  4%"  in  diameter  with  33  holes,  each  '/„" 
diameter,  for  lower  curve,  '/,,"  tor  upper  curve. 

proportioning  mixing  valve,  to  be  described  later,  while  the 
latter  two  show  the  burner  without  its  bed,  as  set  on  the  base, 
and  a  separate  side  view.  This  burner  has  a  rate  of  14,  i6yi 
and  17J4  cubic  feet  per  hour  at  I  inch,  ij4  inch  and  ij4  inch 
pressure  respectively,  on  a  hearth  8>^xs  inch  =  42yi  square 
inches  supplied  with  72  holes,  1/16  inch  diameter,  and  in 
operation  gives  as  strong  a  radiation  of  heat  as  is  consistent 
with  non-blistering  of  varnish  on  chair  legs  or  ignition  of 
carpet.     While  the  refractory  material  is  brightly  hot,  the  No. 
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i8  B.  and  S.,  (four  per  inch)  wire  of  the  screen  does  not  seem 
to  be  above  a  faint  dull  red  and  at  this  temperature  all  the 
alloys  used  in  electric  heater  elements  intended  for  operation 
at  bright  red  heats  up  to  2,000°  F  without  serious  oxidation, 
will  give  good  service  in  this  location  as  will  also  common  cast 


Pig.  31.— Radiant  room  beater  equipped  with  second  Tonn  of  tubular 
type  burner,  net  in  original  shell  of  standard  Vulcan  heater.  Loose 
bed  held  in  platx  by  wire  mesb  Nichrome  screen. 

iron  grids.  Burners  of  any  shape  or  size  suitable  for  all  sorts 
of  household  and  hotel  cooking  and  heating  service  can  be 
produced  along  these  lines  to  work  in  any  position,  by  the  ordi- 
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nary  processes  of  design,  involving  no  more  complex  mental 
processes  than  are  required  to  select  suitable  materials  and 


Fig,  31.— Radiant  room  heater  burner  on  base  without  bed  or  shell. 


Fig.  33.  —Side  view  of  tubular  burner  of  radiant  room  beater. 

dimensions  with  the  aid  of  established  data  or  obtainable  by 
simple  experiment  in  any  laboratory. 


D.gnzed  by  Google 


46i 
This  same  principle  of  supplying  mixture  through  more  or 


less  independently  cooled  feed  holes  formed  in  metal  walls 
and  discharging  into  roistering  holes  in  refractory  hearths, 
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has  been  applied  to  higher  rate  appliances  than  those  of  domes- 
tic service,  such  as  the  mufBe  and  crucible  service,  and  one 
each  of  these  is  shown  by  the  photographs.  Figs.  34  to  37, 
both  with  feed  holes  drilled  in  ribs,  which  allows  the  same 


(■'iR-  35.— Side  view  of  mutQe  furnace,  sboning  small  mixture  samp- 
ling burner  at  the  left  witb  staut-oS  cock. 

casting  to  be  used  for  a  wide  range  of  capacities  by  changii^ 
drill  sizes  and  center  distances.  The  assay  muffle  is  shown 
in  Figs,  34  and  35,  the  former  being  a  front  view,  showing 
the  two  ribs  carrying  the  feed  holes  with  a  few  separate  tubes 
placed  at  the  side  and  front  to  develope  enough  extra  heat 
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to  counteract  the  open  front  end  muffle  cooling,  and  equalize 
the  temperature  throughout  the  muffle.  At  the  left  hand  side 
is  shown  a  single  orifice  sampling  burner  with  open  bed,  con- 
suming 2  feet  of  gas  per  hour  and  used  to  adjust  the  mix- 
ture proportions,  slight  changes  in  which  are  readily  rect^- 
nizable  by  the  appearance  of  this  small  open  fire.    The  main 


Pig.  36. — Side  view  of  crucible  furnace  supplied  by  boles  drilled  in 
radial  ribs  between  uiizture  chamber  and  furnace  box.  Mixture 
sampling  burner  ia  atiown  at  the  left. 

burner  is  operated  normally  at  116  cubic  feet  per  hour  and 

always  gives  a  very  good  thermal  gradient,  as  shown  by  the 

following  figures,  with  the  above  arrangement.     The  really 

Thermal  Gkadibnt  m  Muffle  with  Flue  at  Top  Front. 

Door  closed.  Door  open, 

DiKance  from  do  draft,  gtmA  drafl. 

from  of  muffle  lemp.  °P,  lemp.  =F. 

3  inches 1,760  i,6ao 

4  "        (,870  1,74a 
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significant  thing  here,  however,  is  the  ease  with  which  any 
gradient  desired  can  be  obtained  by  changing  the  quantity  of 
mixture  supplied  at  different  points,,  entirely  independent  of 
flue  location.  The  crucible  furnace  shown  in  Figs.  36  and  37 
is  fed  with  two  rows  of  holes  drilled  in  a  series  of  radial  ribs 
and  discharging  in  the  annular  space  between  insulation  anil 
muffle  as  can  be  seen  in  the  first  illustration  with  the  toi> 
removed  and  which  view  also  shows  a  sampling  burner.  The 
second  shows  the  side  appearance  and  bottom  mixture  chamber 


F'K-  37- — Top  view  of  crucible  furnace  with  cover  removed, 

from  which  the  feed  ribs  run  upward  to  the  base,  all  cast  in 
one  piece.  The  mixture  holes  discharge  into  a  hearth  of  alun- 
dum  cement  on  which  rests  the  cylindrical  alundum  muffle  and 
after  one  run  at  about  10  inches  water  pressure,  both  mufBe 
and  hearth  softened  as  shown  by  Figs.  38  and  39,  on  which 
the  permanent  shrinkage  cracks  clearly  show  as  do  also  some 
pieces  of  white  alundum  that  adhered  to  both  muffle  and 
hearth.  By  a  change  of  alundum  bonding  mixture,  both  of 
these  parts  may  be  made  more  refractory,  sufficiently  so  for 
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a  considerable  quantity  of  very  high  temperature  work.  It  is 
not  difficult,  however,  to  consume  in  such  a  furnace  eitough 
gas  to  prodttce  temperatures  that  will  soften  any  available 
refractory,  but  by  simply  changing  mixture  pressures  it  is 
easy  to  maintain  practically  any  temperature  desired.  If  for 
any  special  purpose  it  should  be  necessary  to  maintain  a 
secondary  hot  zone  at  any  particular  point,  then  separate  mix- 
ture supplies  can  be  led  to  that  point  and  burned  without 


Fig.  38. — Top  view  of  crucible  furnace  and  hearth,  showing  the  destruc- 
tiTC  effect  af  the  high  temperatuTe  00  the  alDodum  mixture. 

interference  with  the  products  of  combustion  passing  from 
another  combustion  zone,  a  condition  peculiar  to  surface  com- 
bustion, to  which  the  well  known  "smothering"  of  common 
bunsen  flames,  is  unknown. 

Control  and  Adjustment  of  Radiating  Surface. — By  the 
application  of  the  principles  of  construction  so  far  developed, 
it  is  possible  to  make  a  surface  combustion  burner  for  any 
desired  rate  of  combustion  per  square  foot  of  hearth  that  will 
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operate  for  indefinite  periods  of  time  without  disturbance  or 
adjustment,  but  for  commercial  apparattls  even  more  than  this 
is  needed.  One  additional  property  that  must  be  present  is  a 
suitable  range  of  control  of  the  rate,  as  few,  if  any  burners 
are  operated  in  practice  at  a  constant  rate  of  combustion 
whether  used  for  domestic  or  industrial  purposes.  It  must 
be  possible,  therefore,  to  adjust  the  constunption  of  any  burner 
from  a  minimum  low  to  a  maximum  high  rate  and  to  operate 


Fig.  39.— Side  view  of  crucible  furnace  muffle  and  beartb,  showing 
the  softening  of  tbe  muffle  bj  heat.  Material  of  both,  aluDdum 
mixta  re, 

safely  and  surely  at  any  one,  no  matter  what  the  previous 
adjustment  or  the  time  of  operation.  Furthermore,  some 
classes  of  service  require  a  very  prompt  change  in  the  radiating 
bed  temperature  after  adjustment,  which  includes  a  very  quick 
initial  heating  after  lighting  cold,  while  other  classes  of  ser- 
vice require  a  slow  change  after  adjustment  or  a  slt^ish 
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response  to  changes.  With  any  given  range  of  adjustment  of 
rates  for  safe  working,  there  may  be  associated  the  require- 
ment of  a  prompt  or  a  sluggish  response  after  a  change,  but 
fortunately  in  no  one  burner  is  it  ever  necessary  or  even  desir- 
able to  provide  for  more  than  a  limited  range  of  adjustment, 
associated  with  either  prompt  heating  or  slu^;ish,  never  both. 
These  conditions  can  be  met  in  the  sort  of  burners  described 
sufficiently  well  to  meet  practically  all  service  requirements 
consistent  with  maintaining  the  advantages  of  surface  com- 
bustion as  a  process. 

The  range  of  control  of  rate  of  combustion  depends  pri- 
marily on  the  size  of  the  feed  holes  and  on  the  effectiveness 
of  their  cooling,  and  it  is  easily  possible  to  make  holes  small 
enough  in  separate  tubes  or  ribs  to  absolutely  prevent  back 
flash  even  when  the  mixture  is  turned  off  and  the  velocity  of 
flow  reduced  to  zero.  By  imposing  sufficient  mixture  pressure 
on  enough  of  these  holes  per  square  inch  of  heartli  any  maxi- 
mum rate  of  combustion  may  easily  be  associated  with  this 
minimum  rate  of  zero.  Certain  practical  considerations  such 
as  the  extra  cost  of  forming  small  over  large  feed  holes  and 
the  increased  possibilities  of  stoppages  in  them  make  it  desir- 
able to  use  larger  holes  than  correspond  to  a  minimtmi  rate 
of  zero  when  that  is  not  necessary,  and  it  has  been  found  that 
holes  */,a  inch  in  diameter  are  small  enough  for  safe  operation 
at  rates  as  low  as  most  services  require.  Holes  of  this  size  in 
cook  stove  top  burners,  broilers  and  room  heaters,  can  be 
safely  operated  at  0.2  or  0.3  inch  pressure,  giving  thereby  at 
least  as  great  a  range  of  adjustment  as  is  possible  with  bunsen 
burners  of  the  ordinary  form  without  back  flash.  Such  holes 
seem  to  keep  free  of  stoppages  and  are  cheap  to  form,  if  not 
much  over  i  inch  in  length.  Apparatus  intended  normally  for 
much  higher  rates  than  the  domestic  class  would  naturally  be 
given  larger  holes  and,  therefore,  have  a  higher  minimum 
operating  pressure,  but  the  range  desired  even  with  this  higher 
minimum  is  easily  obtained  by  using  a  correspondingly  higher 
maximum.  Thus  while  the  maximum  pressure  available  for 
operating  domestic  apparatus  without  gas  boosting,  which  is 


D.gnzed  by  Google 


out  of  the  question  here,  is  a  Httle  less  than  that  of  the  street 
main,  say  3  inches  of  water,  that  for  an  industrial  furnace  for 
which  gas  boosting  is  not  objectionable  may  be  made  even 
with  small  fans  as  high  as  12  inches  and  with  positive  blowers 
several  pounds.  Assuming  the  holes  in  the  latter  case  to  be 
such  that  the  minimum  safe  pressure  is  i  inch,  there  is  a 
pressure  range  of  12:  i  for  adjustment  of  rate.  Correspond- 
ingly, if  the  domestic  apparatus  has  a  minimum  safe  pressure 
of  0.2  inch,  then  it  has  an  adjusting  pressure  range  of  15:  i. 
It  must  not  be  understood  that  these  are  limiting  figures  for 
they  are  not,  being  offered  merely  as  examples,  the  real  range 
may  be  made  whatever  is  desired,  a  thing  thought  to  be  impos- 
sible in  the  early  days  of  surface  combustion  development. 

The  time  of  heatii^  is  likewise  within  control  though  not 
through  so  wide  a  range,  that  is,  by  adopting  suitable  construc- 
tions the  burner  may  be  made  to  heat  up  from  the  initial  cold 
to  the  normal  working  state  in  a  short  or  long  time,  and  will 
be  correspondingly  quick  or  sluggish  in  response  to  pressure 
or  rate  adjustments  while  in  operation.  Sluggishness  is 
obtained  by  using  a  thick  bed  of  great  mass  and,  therefore, 
large  heat  storage  capacity,  while  sensitiveness  follows  the  use 
of  beds  or  radiating  surfaces  as  light  as  possible.  It  is  clear 
that,  taking  for  example  the  cook  stove  top  burner,  a  bed  only 
%  inch  thick  will  heat  quicker  and  respond  more  positively  to 
valve  adjustments  than  a  bed  1  inch  thick,  other  things  being 
equal,  and  the  time  of  heating  the  latter  would  approximate 
four  times  that  of  the  former  if  there  were  no  interfering 
influences.  These  influences  are,  however,  present  and  are 
somewhat  difficult  to  understand  at  first,  but  clear  enot^h 
after  study.  In  the  first  place,  a  reduction  in  the  thickness  of 
bed  may  leave  it  so  thin  that  it  is  no  longer  effective  in  reduc- 
ing mixture  velocity  at  the  hearth  orifices,  so  that  mixture  will 
blow  off  at  various  points  where  the  grain  does  not  properly 
baffle  a  jet.  The  escape  of  this  mixture  actually  reduces  the 
heat  developed  in  the  bed,  delays  its  heating,  and  so  counter- 
acts the  expected  gain  from  bed  mass  reduction,  at  the  same 
time  it  causes  a  smell  from  the  escape  of  the  unbumed  gas, 
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which  of  course  ceases  once  the  bed  is  heated  even  when  the 
baffling;  is  very  poor.  This  is  one  of  the  difficulties  encountered 
in  the  effort  to  reduce  the  initial  heating  time  by  reduction  of 
bed  thickness.  It  would  seem  that,  if  starting  with  grain  % 
inch  in  diameter,  a  reduction  of  bed  thickness  was  carried  so 
far  as  to  cause  partial  blow-off  by  insufficient  baffling,  this 
could  be  corrected  by  a  reduction  of  size  of  grain  and  this  is 
so,  but  here  again  limits  are  met.  In  no  case  may  the  grain 
be  so  small  as  to  fall  into  the  end  of  the  tube,  but  with  the 
small  holes  used,  even  before  this  occurs,  two  other  things 
are  noted.  A  thin  layer  of  fine  grain  on  the  flat  hearth  will 
not  heat  uniformly  with  the  hole  spacing  satisfactory  for  larger 
grain,  a  series  of  bright  spots  above  each  hole  with  dark  area 
separating  will  replace  the  uniform  color  of  a  thicker  and, 
therefore,  more  slu^ish  bed.  Again,  the  fine  grain  bed  will 
not  heat  initially  in  the  same  way  that  the  coarse  one  will,  for 
below  a  certain  grain  size  the  combustion  locates  initially  on 
the  outside  surface,  which  heats  first,  the  combustion  zone 
gradually  working  back  toward  the  orifices,  while  with  a  larger 
grain,  offering  fewer  and  wider  mixture  passages  in  the  voids, 
the  combustion  zone  locates  instantly  about  the  holes,  flashing  . 
directly  through  the  bed.  In  other  words,  the  fine  grain  bed 
heats  from  the  surface  inward  while  the  coarse  from  the 
inside  outward,  and  though  for  two  such  beds  of  equal  weights 
of  material  it  would  seem  that  equal  times  must  elapse  before 
each  had  reached  a  steady  state,  as  a  matter  of  fact  the  one 
that  heats  first  from  the  outside  will  be  quicker  because  of  the 
non-escape  of  unburned  mixture  while  heating. 

This  reasoning  leads  naturally  to  one  of  the  successftil 
forms  of  quick  heating  top  burners  which  becomes  incandes- 
cent and  uniform  at  the  normal  rate  of  combustion  in  about 
half  a  minute,  the  ordinary  half  inch  thickness  of  large  grain 
bed  requiring  three  to  four  minutes,  depending  on  the  material. 
This  one  is  formed  by  counter-sinking  the  outlet  side  of  the 
1/16  inch  feed  holes  to  ^  inch,  filling  the  taper  holes  with 
silica  of  size  10/64  inch  to  8/64  inch,  and  also  covering  the 
hearth  to  a  depth  of  ^  inch,  as  indicated  in  the  sketch.  Fig.  40. 
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Reduction  of  mass  to  be  heated  without  interference  with 
the  effectiveness  of  the  bafBes  and  by  using  materials  that  are 
permanent,  is  a  definite  problem  for  which  there  are  many  solu- 
tions, and  no  doubt  others  will  appear  as  long  as  specific  atten- 
tion is  given  to  it,  but  it  is  a  serious  question  whether  reduction 
of  time  below  one  minute  or  even  to  this  time,  is  really  ad- 
visable. There  is  available  one  type  group  of  constructions 
already  explained  under  localization,  and  that  is  the  formed 
bafile  of  which  the  flat  plate  mushroom  plug  and  ball  in  taper 
hole  are  examples,  over  which  may  be  placed  the  radiant 
screen  of  metal,  perforated  or  woven,  a  thin  layer  of  loose 
grain,  or  a  diaphragm  of  refractory  perforated  or  otherwise 


Fin.  40. — ModiRcation  of  tubular  type  cook  stove  top  burner 
for  quick  initial  beating, 

formed,  to  be  porous  enough  to  allow  the  free  passage  of 
gases,  and  all  these  have  been  used  as  well  as  some  others  that 
proved  unsatisfactory.  In  the  latter  class  fall  a  layer  of  picked 
asbestos  fiber  which  heats  as  quickly  as  an  illuminating  mantle, 
but  which  has  no  life,  a  J^  inch  layer  of  hollow  cylinders  or 
short  thin  silica  tubes  like  straight  beads,  J^  inch  to  J4.  '"ch 
diameter  and  }i  inch  long,  which  heats  in  less  than  one  min- 
ute and  is  permanent  but  too  expensive,  and  a  thin  plate  of 
alundum  cement  perforated  freely  with  J^  inch  holes,  which 
becomes  incandescent  in  one  minute  but  is  too  fragile.  In 
the  former  class  fall  the  perforated  metal  non-oxidizing  alloy 
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plate  over  some  form  of  direct  bafHe,  and  the  molded  porous 
diaphr^m  directly  over  the  holes  serving  as  both  bafHe  and 
radiator,  the  former  g^vii^  a  very  quick  heating  but  not  so 
permanent  as  the  latter  which,  however,  heats  more  slowly. 
For  the  metal  plate  two  materials  have  been  used,  Nichrome  II 
and  Excello,  the  analysis  of  which  are  given  below,  as  deter- 
mined by  Whitaker  and  Met^ar. 

A.MAI,YSIS  OF  NON-OxlDIZlNG  ALLOYS. 


SamplcNo.i    SanipIeNo.i  Exmllo 

Percent.  Percent.  Percenl. 

Nickel 56.4  59.9  Nickel 83.43 

Chromium...   10.6  10.8  Chrominm . . .    14.72 

Iron   30,6  36.J  Iron   1.30 

Manganese  ■.     j.i  3.3  Silica Trace 

99.7  991  99-45 

The  former  has  been  most  used  and  as  applied  to  the  prob- 
lem of  quick  heating  was  in  sheet  form,  0.032  inch  thick,  per- 
forated with  holes  0.073  ^^  diameter  and  about  one  diameter 
apart.  This  was  cut  circular  to  fit  the  top  burner  hearth  4  3/8 
inch  diameter  and  heats  to  normal  in  about  half  a  minute  when 
set  over  ijaffles  of  the  mushroom  or  plate  type,  and  in  about 
ten  seconds  with  ball  bafHes.  Such  plates  have  a  fair  life  if 
not  operated  at  too  high  a  temperature,  about  one  cubic  foot 
of  gas  per  hour  for  each  two  square  inches  of  radiation  is 
a  satisfactory  rate  and  gives  a  good  red  heat.  This  construc- 
tion may,  therefore,  be  adapted  as  a  direct  competitor  of  the 
electric  heater,  usii^  the  same  radiant  material  at  the  same 
temperature,  but  with  gas  as  the  source  of  heat  instead  of 
electric  current.  A  series  of  consumption  curves  of  one  of 
these  quick  heating  Nichrome  radiating  plates,  4  3/8  inch 
diameter,  set  over  35  holes,  1/16  inch  in  diameter,  in  the  cook 
stove  top  burner  hearth  with  mushroom  baffle  plugs  is  given 
in  F^.  41. 

It  is  a  serious  question  whether  the  reduction  of  heating 
time  should  be  carried  too  far  even  in  domestic  apparatus  in 
spite  of  a  demand  on  the  part  of  users  for  it  because  of  the 
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corresponding  small  heat  storage.  The  top  burner  carrying 
a  half  inch  loose  bed  has  so  much  heat  storage  that  it  will  re- 
sist interference  from  the  spilling  on  it  of  large  quantities  of 
water  or  grease,  amounts  of  which  sufficient  to  be  serious 
with  bunsen  burners  have  no  effect  here  whatever,  but  the 
more  this  heat  storage  is  reduced  by  constructing  for  quick 
heating,  the  less  this  resistance.    Another  advantage  of  heat 


Pig.  41. — Rate  of  combustion  of  tubular  type  cook  stove  top  burner 
baving  35  holes,  eacb  >/]«"  in  diameter,  discharfcing  under  square 
stemmed  musbroom  plugs,  sbonn  in  Pig.  3,  and  provided  with  per- 
forated Nichrome  radiating  plate. 

storage  in  the  incandescent  bed  is  inherent  to  all  intermittent 
heating  such  as  the  heating  of  laundry  irons,  which  may 
thereby  absorb  heat  for  a  time  faster  than  it  is  being  generated 
by  drawing  on  the  bed  storage,  and  which  always  heat  faster 
on  the  surface  combustion  burner  than  on  a  common  burner 
of  equal  gas  consumption,  one  trial  showing  that  with  two 
irotls  on  a  surface  combustion  burner  an  ironing  woman  could 
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do  as  much  work  as  with  three  irons  on  the  bunsen,  the  former 
consumii^  about  half  the  gas  that  the  latter  used,  heating 
the  iron  m  less  time. 

In  applying  these  surface  vmbustion  burners  a  new  study 
of  service  conditions  is  necessary,  as  they  have  some  character- 
istics not  possessed  by  the  old  burners  that  permit  and  even 
demand  adaptation  of  burner  design  to  service.  There  will 
always  be  some  where  quick  heating  is  important,  in  toasters 
perhaps,  others  where  heat  storage  is  important,  top  burners 
that  are  much  used  and  likely  to  receive  spillings,  or  intermit- 
tent service,  and  likewise  others  that  will  demand  the  smooth 
self-supporting  surface  of  the  bonded  diaphragm,  which  is 
operative  in  all  positions  and  which  has  properties  all  its  own. 

The  application  of  the  bonded  diaphragm  to  general  service 
conditions  is  a  problem  in  itself,  as  the  localization  of  com- 
bustion is  not  so  readily  controlled  under  wide  ranges  of 
mixture  pressures  within  the  limits  imposed  by  the  ordinary 
domestic  gas  service.  All  such  diaphragms  except  those  of 
very  great  porosity  and,  therefore,  necessarily  thick,  will  heat 
from  the  outside  inward,  and  in  all  the  heat  will  work  back, 
the  combustion  zone  following  until  back  flash  takes  place 
under  some  supply  pressure  and  time  of  heating.  Assumii^^ 
that  general  service  apparatus  will  be  operated  at  a  variable 
rate  and  so  variable  pressures,  then  the  localization  of  com- 
bustion by  diaphragms  is  not  to  be  depended  upon  but  they 
are  still  useful  as  baffles  and  radiators  when  placed  over  a 
hearth,  such  as  described,  and  which  latter  insures  localization. 
Placing  a  bonded  diaphragm  over  such  a  hearth  as,  for  ex- 
ample, that  of  the  cook  stove  top  burner,  it  will  on  ignition 
heat  from  the  outside  first ;  the  combustion  zone  will  then  work 
down  and  through  it  until  a  back  flash  occurs  and  the  com- 
bustion zone  locates  between  the  hearth  and  bottom  face, 
extending  from  each  hole  into  the  diaphragm  a  little  way  if 
it  lies  directly  on  the  hearth.  As  the  heat  works  back  unevenly, 
due  to  non-homogeneity  of  voids  and  size  of  grain,  there  will 
be  at  the  moment  of  ignition  below  it  only  one  hot  spot,  all 
the  rest  of  the  bottom  and  the  hearth  being  cold.    Up  to  this 
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moment  the  outer  surface  has  been  hot  and  radiating,  but  now 
the  heat  will  be  practically  all  absorbed  by  the  hearth  and 
lower  space  until  they  become  incandescent,  and  in  this  period 
the  top  radiating  surface  will  cool  and  then  slowly  recover  its 
temperature,  after  which  it  will  operate  indefinitely  without 
change.  The  time  it  takes  for  the  outer  surface  to  begin  to 
radiate,  and  for  the  back  flash  to  occur,  are  both  dependent  on 
the  relation  of  porosity  to  pressure  or  rate  of  supply,  but  the 


Pig.  41. — Rate  of  combustion  of  coolc  stove  top  burner  having  35 
boles,  each  '/i«"  diameter,  discharging  to  bouded  diaphragms.  Top 
curve,  diaphragtu  of  Norton  alundum  mixture.  Bottom  curve  of 
English  fire  brick  mixture. 

time  of  recovery  after  back  flash  is  largely  controlled  by  dia- 
phragm uniformity.  If  the  combustion  zone  works  back 
equally  fast  all  over  the  diaphragm  the  bottom  face  will  be  hot 
all  over  when  bottom  ignition  takes  place,  instead  of  only  one 
spot,  and  so  the  top  temperature  will  be  recovered  most  rap- 
idly. A  great  many  small  diaphragms  of  all  sorts  of  grain 
materials  and  bonds  have  been  tried  and  all  abandoned  in  favor 
of  alundum,  which  has  been  prepared  by  the  Norton  Co,  to 
whom  considerable  credit  is  due  for  the  spirit  of  co-operation 
displayed  in  opening  up  a  new  field,  absolutely  without  data. 
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Without  reciting  the  details,  it  may  be  noted  that  satisfactory 
resuhs  are  obtained  with  Norton  alundum  diaphragms  fed 
through  the  self-cooling  mixture  holes,  and  set  over  the  dis- 
chai^e  hearths.  These  are  structurally  quite  strong  if  the  bond 
used  is  not  intended  for  very  high  temperatures,  in  which  case 
they  are  delicate  but  still  useful  for  some  purposes.    Two  con- 


Pig.  43. — Rate  of  combustion  of  cook  stove  top  burner  baving  35 
holes,  each  '.'„"  diameter,  discharging  through  Norton  alundum 
diaphragms  of  different  construction.  Hacb  diaphragm  5'//'  di- 
ameter and  Vii"  thick.  Variation  in  curvature  shows  transfer  of 
main  resistance  from  feed  holes  to  diapbragiu. 

sumption  tests  of  such  diaphragms  set  in  the  hearth  over  35 
holes,  V„  inch  diameter,  the  porous  part  being  4  inches  diam- 
eter and  ^  inch  thick,  are  given  In  Fig.  42,  comparing  a 
Norton  alundum  diaphragm  of  No.  4  grain  with  an  English 
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fire  clay  diaphragm,  which  latter  fused  in  time  on  the  hearth 
side,  the  former  remainii^  unchanged.  In  Fig.  43  are  given 
the  same  results  for  a  series  of  alundum  diaphragms  sH  inches 
diameter  by  V„  inch  thick,  set  over  the  same  hearth  after 
enlarging,  to  permit  it.  These  were  of  four  sizes  of  grain. 
No.  8,  No.  6,  No.  4  and  No.  2,  and  three  different  processes 
of  working  and  with  each  designated  on  the  curves  by  numbers 
0.5  and  10,  associated  with  the  grain  size  in  number  per  inch 
of  wire  mesh,  through  which  the  grain  passes.  Change  of 
curvature  indicates  that  the  main  flow  resistance  has  been 
transferred  from  feed  holes  to  diaphragm. 

The  time  of  back  flash  and  recovery  of  surface  temperature 
varies  considerably  but  in  the  best  the  whole  time  is  about  $ 
minutes,  but  in  some  cases  has  reached  15  and  even  20  minutes. 
The  time  of  recovery  varies  from  3  to  12  minutes,  the  better 
diaphragms  requiring  the  lesser  time,  all  at  pressures  of  i^ 
inches  of  water. 

Auxiliary  Apparatus. — Any  burner  or  furnace  intended  for 
laboratory  use  where  operators  have  sufficient  skill  and  under- 
standing of  cause  and  effect,  need  not  be  supplied  with  any 
special  appliances  for  proportioning  air  to  gas  in  the  mixture, 
or  for  changing  the  mixture  pressure  as  service  conditions 
require  it  and,  therefore,  any  of  the  many  standard  fans  and 
blowers  may  be  used  for  compressing  air  alone  or  air  and  gas 
separately  with  a  hand  adjusted  cock  in  the  air  and  the  gas 
pipes  supplying  each  appliance.  This  is  by  no  means  the  case, 
however,  with  some  industrial  and  with  all  domestic  appliances. 
Where  an  industrial  furnace  operator  is  more  or  less  con- 
stantly engaged  in  managing  one  furnace,  he  can  be  taught  to 
make  adjustments  of  hand  valves  if  provided  with  the  ordinary 
water  column  water  gauge  and  a  small  sampling  burner,  but 
this  is  entirely  out  of  the  question  for  the  ordinary  woman  in 
the  home  or  chef  in  a  hotel,  as  these  either  cannot  or  will  not 
adjust  anything  beyond  turning  the  cock  that  regulates  the 
heat  and,  it  must  be  confessed,  sometimes  not  even  this.  For 
domestic  service,  including  that  of  hotels  and  restaurants,  it 
may  reasonably  be  expected  that  they  operate  a  single  cock 
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for  each  burner  to  regulate  the  heat,  but  maintenance  of  mix- 
ture proportions  essential  to  surface  combustion  processes  must 
be  automatic  and  fool  proof.  This  at  first,  like  some  of  the 
other  questions  taken  up,  looked  like  a  difficult  problem,  yet 
it  seems  to  be  working  out  in  a  thoroughly  satisfactory  way. 
Automatic  mixture  proportioning  has  been  accomplished  by 
two  devices  which  working  together  carry  out  the  fundamental 
method,  which  is  proportioning  by  equal  pressure  drop  on  an 
air  and  a  gas  orifice,  having  areas  in  the  desired  proportion. 
Regulation  of  air  pressure  to  an  equality  with  that  of  the  gas 
supply  available  at  the  appliance  will  bring  them  to  a  control 
cock  having  two  ports  with  areas  in  the  desired  proportion 
and  by  suitably  large  pipes  or  small  port  openings,  these  ports 
determine  the  flow  to  a  common  mixture  outlet,  and  the  pro- 
portions will  remain  constant  so  long  as  the  principal  resist- 
ance to  the  flow  of  both  is  in  the  cock  ports.  This  is  accom- 
plished, first,  by  sufliciently  large  supply  pipes,  but  it  is  neces- 
sary also  that  the  ports  bear  a  suitable  relation  to  the  burner 
opening  so  that  while  the  pressure  drop  through  the  burner 
is  large  enough  to  establish  the  desired  velocities  for  localizing 
the  combustion  zone,  there  is  also  some  drop  of  pressure 
through  the  ports  themselves.  In  other  words,  the  combined 
area  of  the  ports  in  the  wide  open  position  must  never  be  so 
large  as  to  build  up  in  the  mixture  chamber  a  pressure  equal 
to  that  in  the  air  and  gas  supply  pipes.  This  does  not  involve 
any  serious  drop  through  the  ports ;  0.2  or  0.3  of  an  inch  of 
water  is  ample,  and  less  will  do  if  necessary,  but  the  more  there 
is  the  more  definite  the  proportioning  and  incidentally  the 
smaller  the  valve  needed.  To  permit  of  an  adjustment  to 
changes  of  gas  quality  one  port  may  be  made  of  fixed  size  with 
the  other  adjustable,  but  in  opening  and  closing  both  must 
vary  in  constant  ratio.  It  is  not  expected  that  users  will  make 
this  quality  adjustment,  but  rather  the  gas  men  who  make 
installations  and,  of  course,  in  any  one  district  a  setting  will 
be  found  good  for  the  average  air  requirement  of  the  sort  of 
gas  supplied,  the  variation  in  which  is  never  large  enough  to 
seriously  interfere  with  -the  operation  on  this  mean  setting. 
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Wherever  the  gas  is  uniform  or  substantially  so  in  air  require- 
ment, this  gas  quality  adjustment  can  be  eliminated  and  the 
ports  fixed  at  the  proper  value,  once  for  alt.  One  successful 
cock  of  this  sort  is  shown  in  the  sketch.  Fig.  44,  and  shown 
photographically  in  Fig.  45,  complete  on  the  right  and  in  vari- 
ous stages  of  dissection  at  the  left.    This  has  two  "plugs  keyed 


Fig.  44. — Sectional  view  of  double  poned  mixing  valve,  with 
■djustnient  for  ratio  of  air  to  gas. 

tc^ther  so  as  to  rotate  together,  but  otherwise  free,  one, 
carrying  the  small  gas  port,  is  tapered  and  spring  seated  for 
tightness,  while  the  other,  carryii^  the  air  port,  is  cylindrical, 
and  has  an  axial  adjustment  for  length  of  effective  opening  to 
adjust  for  gas  quality.  Both  plug  ports  are  aligned  with  the 
casing  ports  so  as  to  absolutely  open  and  close  together.    With 
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this  cock  the  user  regulates  the  burner  exactly  as  has  been 
the  case  of  common  burners  controlled  by  single  ported  cocks. 
It  is  necessary,  however,  for  the  satisfactory  workii^  of 
any  form  of  double  ported  cock,  intended  to  maintain  con- 
stant proportions  of  air  and  gas  while  controlling  the  total 
quantity  of  flow  from  zero  to  a  maximum,  that  the  air  and 
gas  approach  at  equal  pressures  so  that  the  drop  in  pressure 
to  the  common  mixture  pressure  be  equal,  and  this  may  be 
accomplished  by  regulating  the  air  pressure  to  that  of  the  gas, 
or  conversely.  The  former  has  been  used  as  most  satisfactory, 
and  in  accordance  with  it  the  air  delivered  by  the  fan  is  passed 
through  a  diaphragm  regulator  carrying  a  damper  valve  in  the 


^K-  45.— Double  ported  adjustable  mixing  valve  shown  complete  at 
the  right  and  in  various  state  of  assembty  at  other  points. 

main  air  passage.  This  damper  is  rotated  by  a  crank  and  con- 
necting rod,  fixed  to  the  meter  leather  diaphragm,  the  weight 
of  which  is  balanced  by  a  spring  or  dead  weight,  if  horizontal, 
but  is  to  be  neglected  if  operated  in  a  vertical  plane.  The 
delivered  air  pressure  is  caused  to  act  on  the  bottom  of  the 
diaphragm  while  the  local  gas  pressure  acts  above,  both  sides 
being  dead  ends,  that  is,  not  swept  by  any  current  there  is 
little  tendency  to  dry  the  leather.  All  changes  of  gas  pressure 
vary  the  diaphragm  load  and  move  the  damper  to  the  position 
to  re-equalization  promptly  and  positively  so  that  no  matter 
how  local  gas  pressures  may  vary,  the  air  automatically  fol- 
lows and  the  mixture  quality  remains  what  it  should  be.  The 
construction  of  this  regulator  is  shown  by  the  sketch,  Kig.  46 
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and  the  two  photographs,  Fig.  47  showing  one  size  of  regulator 
complete,  and  Fig.  48  showing  it  partly  dissected. 

Air  under  pressure  is  always  necessary  for  the  operation 
of  these  surface  combustion  appliances  but  the  pressure  need 
be  no  more  than  is  necessary  for  good  regulator  action,  for 
which  about  i  inch  water  drop  is  desirable.  Air  pressures  of 
this  order  of  magnitude  are  easily  obtainable  by  fans  and 
preferably  are  electric  driven,  though  not  necessarily.     If 


Fig.  46. — Sectional  view  of  air  pressure  regulator  for  mamtainiag 
ait  pressure  equal  to  that  of  gas. 

the  full  available  gas  pressure  is  used,  and  this  be  three  inches, 
then  the  fan  should  deliver  at  four  inches  of  water,  but  very 
satisfactory  operation  can  be  secured  at  mixture  pressures  as 
low  as  1.5  inch  for  full  capacity,  which  would  require  less 
than  2  inches  of  gas  pressure  and  less  than  3  inches  fan 
delivery.  At  such  pressures  the  power  requirements  of  the 
fans  for  ordinary  appliances  are  very  small,  as  may  be  easily 
calculated.  For  quick  reference,  the  results  of  such  a  calcula- 
tion are  given  in  chart  in  Fig.  49  for  a  wide  range  of  capacities 
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and  pressures,  to  which  is  added  a  scale  for  reading  motor 
horse-power  for  any  fan  efficiency,  and  electrical  input  horse- 
power for  any  electric  motor  efficiency.     For  small  sets  the 


Fig'  47— View  ot  regnlator  complete,  allowing  control 
damper  held  open  by  a  nail. 


Pig.  48— Air  pressure  regulator  partly  assembled,  showing  at  the 
center  connecting  rod  and  crank  for  nctnating  the  damper  by  the 
diaphragm  movement.  ^ 

fan  efficiency  will  probably  be  between  30  per  cent,  and  50 
per  cent,  while  the  motor  efficiency  will  perhaps  average  70 
per  cent.    The  power  and  current  requirements  are  so  low  that 
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any  lamp  socket  will  have  electrical  capacity  enough  to  run 
any  domestic  appliance,  even  a  large  range,  and  in  some  cases 
several  appliances  operated  as  a  group  from  one  fan. 

With  these  auxiliary  appliances,  it  is  possible  to  set  up  a 
complete  surface  combustion  system  for  domestic  service  in 
cither  one  of  three  ways ;  first,  each  appliance  with  its  own  fan 
and  regulator  and  so  completely  independent  except  for  con- 
nection to  gas  and  electric  service  mains;  second,  central  fan 
with  distributing  air  pipes  to  each  appliance  with  its  own  r^- 
ulator,  or  third,  combinations  of  appliances  in  groups.  It  is 
comparatively  easy  to  see  how  central  or  group  systems 
would  work  out  for  large  installations,  suitable  for  example, 
for  hotel  kitchens,  but  it  is  a  matter  of  some  interest  to  exam- 
ine the  independent  domestic  unit.  The  first  of  these  ever 
constructed  was  made  by  converting  one  of  the  standard  side 
cabinet  ranges  now  on  the  market,  using  mixing  valves  that 
had  been  used  elsewhere  and  a  fan  taken  from  a  vacuum 
cleaner,  in  the  absence  of  one  of  suitable  capacity  as  to  volume 
and  pressure.  The  fan  used  was  that  of  the  R^ina  Cleaner 
in  one  casing  with  a  G.  E.  motor  and  had  an  air  volume  cap- 
acity about  four  times  what  was  needed,  delivering  at  about  ii 
inches  of  water  where  four  or  five  inches  would  have  been  suf- 
ficient and  consumed  92  watts  with  alt  burners  in  operation. 
These  things  are  stated  to  explain  the  somewhat  crude  appear- 
ance of  some  parts  of  this,  the  first  self-contained  surface  com- 
bustion range  ever  constructed  and  put  into  service  in  a  home 
kitchen.  A  number  of  views  of  it  are  given  in  the  photographs, 
Figs-  50  to  53,  so  that  all  parts  are  clearly  shown,  except  the 
check  valve  between  fan  delivery  and  r^ulator  to  prevent 
gas  escape  from  the  fan,  should  a  burner  be  turned  on  when 
the  fan  is  not  in  operation  and  which  was  not  at  first  provided. 
It  will  be  noted  that  the  mixing  valves  or  double  ported  cocks 
are  fitted  with  graduates  to  guide  the  operation  in  adjustment, 
as  the  absence  of  visible  flame,  the  ordinary  guide,  here  de- 
mands a  substitute.  Auxiliary  or  secondary  air  openings  into 
the  oven  are  closed  as  now  unnecessary,  and  if  left  tending  to 
reduce  efficiency  by  the  air  so  drawn  in  and  discharged  hot  to 
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the  flue.     For  the  same  reason  the  chimney  vent  is  made 
smaller  but  the  oven  flue  linings,  which  should  not  have  been 


Fig.  50 — Corner  view  of  first  complete  domestic  range,  self  contained 
and  ready  for  attachment  to  gas  and  electric  service.  Motor  driven 
fan  and  regulator  are  shown  on  shelf,  with  all  connections. 

changed  to  provide  for  a  flow  of  a  smaller  volume  of  gases 
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at  higher  temperature  with  the  surface  combustion  burners, 
than  with  the  original  bunsen  burners. 

Efficiency    of   Surface   Combustion   Appliances   Compared 
with  Bunsen. — As  in  other  cases,  it  is  here  found  that  the  abso- 


Pig'  51-— Diagonal  top  view  of  first  domestic  range,  showing  solid 
cast  iron  top,  with  four  top  burners,  refractory  in  place  but  burner 
grid  removed. 

lute  and  relative  efficiency  of  surface  combustion  and  bunsen 
burner  appliances  is  not  a  constant  thing  but  varies  with  con- 
ditions and,  therefore,  any  discussion  must  be  more  or  less 
limited  in  scope  to  give  a  correct  impression.  For  this  reason 
the  figures  obtained  from  test  will  be  confined  to  domestic 
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appliances  operating  on  city  gas,  such  as  cook  stove  top  burners, 


Fig.  5a.— Front  view  or  first  complete  domestic  range,  showing  dials 
on  burner  regulating  cocks,  here  necessary  in  the  absence  of 
visible  flame  to  permit  operator  to  control  burner. 

broilers,  oven,  room  and  water  heaters,  all  made  by  removing 


D.gnzed  by  Google 


bunsen  burners  from  standard  appliances  and  substituting  the 
new  ones.    Top  burners  were  tested  by  taking  the  consumption 


P'g'  53-— Front  view  of  first  complete  domestic  raoKe,  with  oven 
doors  open.  Broiler  and  oven  burners  are  visible,  each  being  rec- 
tangular, mixture  supplied  to  holes  drilled  in  ribs  between  mix- 
tnre  chamber  and  hearth.  Burners  are  suspended  from  frout  and 
back  walla.  The  closing  of  the  openings  for  secondar;-  air  is  also 
visible  on  the  lower  door,  no  secondary  air  being  needed  for  the 
surface  combustion  process. 

and  time  to  raise  a  weighed  body  of  water  to  200"  F.,  from 
an  initial  low  temperature  and  the  same  or  identical  vessels 
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always  open  were  used  in  all  comparative  tests.  From  a  large, 
mass  of  tests  conducted  with  various  bed  materials  and  thick- 
nesses, different  sizes,  shapes  and  materials  of  vessels,  different 
distances  between  bed  or  flame  and  the  vessel,  at  all  sorts  of 
gas  or  mixture  pressures  at  various  positions  of  the  cocks  and 
with  various  stove  tops  or  burner  ring  construction,  the  figtu'es 
do  themselves  vary  so  much  as  to  be  at  first  perplexing  to 
one  seeking  some  definite  general  conclusion  on  the  relative 
value  of  the  two  systems.  Careful  analysis,  however,  reveals 
some  order  from  which  conclusions  follow  relating  results  to 
conditions.  The  first  of  these  is  that  with  identical  conditions 
or  as  near  so  as  the  differences  in  the  systems  permit,  the  sur- 
face combustion  burners  always  do  an  equal  amount  of  heating 
of  the  water  with  less  gas  than  the  bunsen  but  how  much  less 
seems  to  be  dependent  on  the  construction  of  burner,  stove 
frame  and  water  vessel.  Perhaps  the  most  important  of  these 
external  conditions  is  the  vessel  Itself,  and  however  queer  this 
may  at  first  seem,  an  explanation  is  available.  If  the  vessel  be 
large,  of  good  conducting  material,  like  copper  or  altuiintun, 
and  containing  a  large  amount  of  cold  water,  it  would  approxi- 
mate the  heat  absorber  of  a  gas  calorimeter  and  cotdd  take  up 
a  very  large  amount  of  the  heat  being  generated  at  a  given 
rate.  On  the  other  hand,  if  the  vessel  has  a  small  heat  absorb- 
ing surface  in  proportion  to  the  rate  of  combustion  and  be 
made  of  poor  conducting  material  then  there  is  less  chance 
of  heat  being  taken  up  by  the  water,  other  thit^s  being  equal. 
Size  and  material  of  vessel  placed  over  a  burner  developing 
heat  at  a  given  rate  do,  therefore,  determine  to  some  extent  the 
rate  of  heat  absorption,  but  also  the  rate  of  heat  dissipation 
from  its  sides,  both  the  submerged  and  exposed  part,  and  the 
water  surface.  This  last  factor  is  also  more  or  less  influenced 
by  the  extent  to  which  the  vessel  is  filled  and  the  air  drafts 
blowing  on  it.  It  thus  appears  that  a  great  deal  depends  on 
the  vessel  and  its  filling,  but  as  many  detailed  figures  are 
always  confusing  the  results  of  two  vessels  only  are  given  in 
this  connection.  One  of  these  is  a  cylindrical  tinned  iron 
saucepan,  about  8  inches  in  diameter  and  equal  height,  and  the 
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other  a  smaller  tapered  pressed  steel  enameled  saucepan,  about 
6yi  inches  in  diameter,  both  tested  on  New  York  City  gas, 
over  burners  consuming  15  cubic  feet  per  hour,  the  bunsen 
burner  being  of  the  Crane  construction  and  the  surface  com- 
bustion having  a  4^  inch  hearth  with  20/64  in<^  t°  ^4/^  "i^^ 
material,  yi  inch  deep  and  covered  at  the  edges  by  a  cast  iron 
ring  with  vents  between  it  and  the  vessel  14  inch  wide.  For 
equal  amounts  of  heat  taken  up  by  the  water  the  relative  con- 
sumption was  as  follows: 

i,  ..-y-  )  Surface  combus.  (  with  Urge  iron 
■«  A  ^  Burner  consumpf  pot. 

,  fj-^  ]  Surface  combus.  1    with  smaller 
i.w  X  -j^  Burner  consutnp.  /  enameled  pot. 

These  same  two  burners  turned  down  to  a  simmer,  using  the 
enameled  pot,  as  near  as  could  be  judged  by  the  eye  keeping 
the  water  just  at  the  boiling  point,  the  consumptions  were 
bunsen  5.2  cubic  feet  per  hour  and  surface  2.42  cubic  feet, 
giving  the  ratio  of  2,15, 

The  average  of  the  two  other  series  with  enameled  vessels 
on  Westchester,  N.  Y,  gas  company,  a  thick  silica  bed  surface 
combustion  stove,  grid  top,  15  cubic  feet  per  hour,  with  a  G, 
G.  A.  Co.  bunsen  burner,  gave  consumption  ratios  of  1.71  and 
1.75.  A  different  surface  combustion  burner,  that  designed 
for  quick  metal  heating  becoming  normal  in  less  than  one 
minute  as  compared  with  three  or  four  minutes  for  the  above 
burners,  and  illustrated  in  Fig.  40,  gave  a  ratio  on  N.  Y.  C. 
gas  of  1.80.  This  last  was  also  fitted  with  a  grid  top,  the 
enameled  vessel  being  held  about  yi  inch  above  the  bed. 

These  are  high  values  and  indicate  a  large  fuel  saving 
as  may  be  seen  from  the  following  figures.  Assuming  a 
bunsen  burner  to  be  consuming  15  cubic  feet  per  hour,  then 
to  give  the  same  heating  effect  in  a  cooking  vessel,  the 
surface  combustion  burner  for  consumption  ratios  of  1.8, 
1.7,  1.6,  1.5,  1.4  and  1.3,  would  require  from  8.3  to  1.15 
cubic  feet  per  hour,  saving  from  6.7  to  3.5  cubic  feet  gas 
per  hour  while  doing  the  same  work.  The  high  ratio  above 
reported   as   actually   attained   may   not  be   under   favorable 


D.gnzed  by  Google 


conditions  and  low  values  have  frequently  been  found,  in  one 
case  lower  efficiency  with  a  certain  surface  combustion  burner 
and  top  construction  than  with  the  bunsen  but  this  fact  pointed 
out  the  mistake  in  construction  which,  when  corrected,  re- 
sulted in  high  ratios.  As  has  already  been  pointed  out,  the 
size  of  vessel  is  important  but  so  also  is  the  heat  dissipation 
from  the  top.  In  one  case  a  solid  stove  top  was  used  with 
circular  openings  to  take  the  burners  and  quite  low  efficiencies 
were  obtained,  as  low  as  i.z,  but  it  shortly  appeared  that  most 
of  the  hot  gases  were  escaping  along  the  underside  of  the  cold 
top  instead  of  rising  around  the  vessel,  due  to  bad  construction. 
A  simple  substitution  of  a  grid  that  allowed  the  gases  to  rise 
with  no  other  change  raised  the  ratio  from  1.2  to  1.6S. 

It  may  easily  happen  that  service  conditions  will  arise  that 
will  demand  constructions  that  are  not  highly  efficient,  as  for 
example,  whole  cast  iron  tops  for  intermittent  service,  in  the 
interest  of  cleanliness,  so  that  a  commercial  stove  construction 
will  probably  be  a  compromise.  The  best  judgment  that  can 
now  be  made  is  that,  taking  into  consideration  all  these  condi- 
tions,  there  may  be  expected  a  consumption  ratio  of  about  1.55, 
bunsen  to  flameless  or  0.65,  flameless  to  bunsen,  which  indi- 
cates a  saving  of  about  35  per  cent,  of  what  is  now  being  used 
though  it  is  possible  according  to  actual  tests  that  it  may  be  as 
high  as  45  per  cent 

It  has  previously  been  stated  that  the  expected  savings 
from  the  surface  combustion  process  were  to  be  derived  first 
from  the  elimination  of  the  excess  air  now  required  of  all 
bunsen  burners,  and  second  by  the  superior  penetrating  power 
of  radiant  heat  in  warming  bodies  from  the  fire.  The  influence 
of  these  two  together  is  well  shown  in  all  the  preceding  rela- 
tive consumptions  but  perhaps  nowhere  quite  so  well  as  in  the 
case  of  the  simmering  test  where  two  fifteen  foot  burners 
were  turned  down  to  keep  the  water  just  at  the  boil  for  about 
one  hour,  which  raised  the  consumption  ratio  from  1.66  to 
2.15.  This  is  a  splendid  demonstration  because  in  the  turned 
down  condition  very  much  more  cold  air  rises  with  the  hot 
flame  gases  to  the  pot  bottom  in  bunsen  burners  than  when 
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they  are  on  full  while  there  is  no  chai^,  whatever,  in  this 
respect  with  the  surface  combustion  burner.  The  difference 
above  is,  moreover,  largely  due  to  excess  air  because  at  the 
turned  down  condition  the  surface  combustion  burner 
bed  was  only  faintly  radiant.  The  minimum  effect  of  this 
excess  air  influence  is  perhaps  best  obtainable  from  a  c(»npari- 
son  of  two  water  heater  tests  made  on  identical  coils  of  the 
Vulcan  heater,  one  as  constructed  with  standard  bunsen  burn- 
ers and  the  other  with  a  surface  combustion  burner  substi- 
tuted, but  without  other  change.  Both  were  operated  to  heat 
the  water  in  a  standard  40  gallon  copper  tank,  equipped  with 
thermometer  and  the  results  are  uncorrected  for  radiation  from 
it  or  pipes.  The  bunsen  burner  gave  an  efficiency  of  70.4  per 
cent.,  while  the  surface  combustion  burner  gave  82.3  per  cent.,  a 
ratio  of  1.17,  the  flue  gas  temperature  of  the  bunsen  being  248' 
F,  against  309'  F."or6l''  higher,  for  the  surface  with  its  excess 
of  12,3  per  cent,  efficiency.  Of  course,  a  properly  constructed 
surface  combustion  heater  can  easily  be  made  to  yield  as  close 
to  100  per  cent,  efficiency  as  may  be  desired,  so  these  figures 
are  given  not  to  show  what  may  be  expected  of  such,  but 
purely  as  a  measure  of  the  excess  air  influence  when  it  is 
reduced  to  its  lowest  value  in  the  bunsen  equipment  and  which 
is  entirely  eliminated  by  surface  combustion.  Another  meas- 
ure of  excess  air  influence  is  given  by  the  figures  for  a  com- 
parative top  oven  test  in  which  an  upper  oven  was  heated  by 
burners  below,  intended  primarily  for  a  lower  broiler  oven. 
Figs.  50-53.  As  originally  equipped  with  bunsen  burners  this 
top  oven  required  19  cubic  feet  of  gas  per  hour  to  maintain 
at  its  center  a  temperature  of  480°  F.,  as  against  13.5  cubic 
feet,  a  ratio  of  1.4,  when  surface  combustion  burners  were 
substituted,  with  no  other  change  than  the  closing  of  the  sec- 
ondary air  openings,  linings  which  should  have  been  changed 
being  left  in  place. 

The  direct  value  of  the  radiant  heat  developed  by  surface 
combustion  burners  is  shown  most  clearly  in  test  of  such  ap- 
paratus as  a  broiler,  or  a  radiant  room  heater.  Fig.  31.  Tests 
1iave  been  made  in  such  broilers  by  taking  the  consumption 
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for  the  proper  cooking  of  steak  and  chops,  both  thick  and  thin, 
chicken,  squab,  fish,  lobster,  and  toast,  under  the  direction  of 
competent  chefs,  and  comparing  with  that  required  for  the 
same  carefully  measured  and  weighed,  in  bunsen  burner 
broilers.  For  this  purpose  the  Crane  bunsen  burner  broiler 
was  selected  that  has  cast  iron  fingers  heated  to  a  dull  red 
by  the  flame  and  so  has  more  radiant  heat  than  other  types  not 
so  provided  though  more  commonly  used.  This  was  done  to 
provide  the  most  vigorous  bunsen  burner  competitor  available 
as  a  basis  of  comparison  for  the  surface  combustion  burner 
and  while  results  varied  in  specific  instances  the  general  aver- 
age was  very  close  to  a  consumption  ratio  of  2.  This  means  that 
surface  combustion  broilii^  can  be  done  with  about  half  the  gas 
now  required  on  the  bunsen  burner  type  with  feeble  radiation 
and  less  than  half  required  by  others.  The  quality  of  the  work 
done  is  uniformly  better  though  it  must  be  confessed  that  opin- 
ion differs  somewhat  here,  never  going  so  far,  however,  as  to 
charge  the  surface  combustion  broiler  with  inferior  work. 
The  intense  radiant  heat  which,  of  course,  is  under  control 
permits  the  thing  to  be  cooked  to  be  placed  from  6  inches  to 
ID  inches  away  from  the  burner,  promptly  sears  the  outside 
and  prevents  the  escape  of  flavoring  juices,  make  the  side  that 
is  cooking  not  only  clearly  visible  but  illuminates  it  so  well  that 
the  operation  can  be  perfectly  carried  on  in  a  dark  room. 

This  gas  saving  of  50  per  cent,  or  better  for  radiant  opera- 
tions like  the  broiling  r^orted  above,  is  confirmed  almost 
identically  by  the  tests  on  the  radiant  room  heater  which 
was  compared  also  with  the  Vulcan  which  carries  a  per- 
forated cast  iron  plate  attaining  a  dull  to  bright  red  by  the 
heat  of  a  bunsen  burner  below.  Heat  was  here  measured 
by  the  temperature  rise  of  a  measured  body  of  water  in  a  flat 
sheet  metal  box  placed  in  front,  far  enough  away  to  escape 
contact  with  any  hot  gases.  The  consumption  for  equal  amounts 
of  heat  thus  thrown  out  are  almost  exactly  twice  for  the  bun- 
sen cmnpared  with  the  surface  combustion.  It  may  be  said, 
therefore,  that  surface  combustion  domestic  appliances  can  save 
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in  all  directly  radiant  operations  about  half  the  gas  required  by 
the  good  bunsen  appliances  and  in  other  cases  like  top  burners 
and  ovens  an  average  of  about  35  per  cent,  to  use  a  few  round 
■  numbers  derived  from  actual  tests  in  laboratory  and  kitchen. 
The  above  figures  are  for  continuous  operation  and  are  re- 
duced in  some  cases  by  intermittent  work  such  as  involves  the 
lighting  of  a  burner  for  a  few  minutes  and  then  turning  it  out 
almost  as  soon  as  it  gets  warm.  For  such  service  as  this 
efficiency  is  not  so  important  as  a  quick  heat  and  if  less  time 
than  1  minute  be  available  one  present  type  burner  can  be 
retained  in  each  stove  for  it,  reserving  for  the  surface  com- 
bustion burners  the  large  gas  consumption  work  where  gas 
savings  are  equivalent  to  appreciable  sums  of  money. 

At  this  point  the  question  naturally  arises  as  to  when  the 
saving  of  gas  becomes  large  enough  to  pay  for  the  electric 
current  consumed  by  the  fan  and  in  what  time  the  net  saving 
will  pay  for  the  increased  cost  of  surface  combustion  appli- 
ances over  bunsen.  The  answer  to  the  last  question  is  to  be 
found  only  when  it  is  known  how  much  the  appliance  will  be 
used,  as  the  6xed  charges  per  hour  of  use  depend  on  the  num- 
ber of  service  hours  per  year  and  in  this  respect  the  case  is 
similar  to  plant  operation.  If  a  domestic  range  is  to  be  used 
one  week  per  year  it  matters  little  how  efficient  it  may  be  and 
the  cheapest  thing  available  in  first  cost  is  the  thing  to  buy. 
On  the  other  hand  it  will  take  a  very  short  time  to  pay  for 
the  extra  cost  of  an  appliance  that  is  used  every  day  and  doubly 
so  if  operated  many  hours  per  day,  especially  if  the  service 
requires  considerable  gas.  Calculations  could  be  given  for 
all  sorts  of  hypothetical  cases  but  as  anyone  can  make  them 
for  conditions  that  are  important  to  him  they  are  here  omitted, 
but  one  case  is  included,  however,  for  illustration.  Suppose 
a  domestic  range  with  a  full  capacity  constimption  of  100  cubic 
feet  per  hour  were  operated  three  hours  per  day  and  three 
hmidred  days  or  900  operating  hours  per  year  at  an  average 
rate  of  50  cubic  feet  per  hour  with  such  distribution  of  various 
burner  service  as  corresponds  to  an  average  saving  of  40  per 
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cent,  of  what  a  corresponding  bunsen  range  would  require. 
It  may  also  be  assumed  that  the  latter  would  cost  the  consumer 
$35  and  the  former  $50  and  that  gas  costs  $1  per  1,000  cubic 
feet  and  electric  curent  10  cents  per  kilowatt  hour.  The  sur- 
face combustion  range  would  consume  per  year  50  X  3  X 
300  =  45,000  cubic  feet  of  gas,  while  the  correspondii^  bun- 
sen  would  consume  — — —  75,ooo  cubic  feet  so  that 

1. 00  —  0.4         '"^ 

the  saving  of  the  former  over  the  latter  is  30,000  cubic  feet, 
worth  $30  per  year.  From  this  is  to  be  subtracted  the  cost 
of  900  hours  of  electrical  supply,  which  must  be  estimated. 
This  can  be  calculated  from  the  power  charts  given  and  it 
will  be  found  that  for  very  low  efficiencies  of  fan  and  motor 
not  over  0.5  ampere  at  no  volts  or  55  watts  should  be  ample. 
In  fact  actual  measurement  of  the  Regina  vacuum  cleaner 
set,  illustrated  on  the  first  range.  Figs.  50  to  53,  which  had  a 
delivery  pressure  twice  and  an  air  volume  about  four  times 
what  was  required,  required  92  watts  with  all  burners  in  oper- 
ation and  90  with  none,  proving  the  excess  capacity  and  the 
probability  of  operating  with  fans  and  motors  designed  for 
the  service  on  much  less  than  half  an  ampere. 

Assuming  that  at  the  start  no  efficient  fan  and  motor  be 
available  and  that  the  absurdly  high  consumption  of  90  watts 
would  be'  required  for  the  necessary  lo  cubic  feet  of  air  per 
minute  at  4  inches  to  5  inches  water  pressure,  the  electrical 

cost  of  operation  would  be  10  X  -  -  0.9  cent  per  hour, 

or  $8.10  per  year.  This  makes  the  net  saving  in  op- 
eration $30^ — $8.10  =  $21.90  per  year,  and  as  the  excess 
of  first  cost  was  assumed  to  be  $15  it  would  be  paid  off  com- 
pletely in  600  hours  of  operation,  or  if  uniformly  distributed  in 
8j^  months.  One  short  way  of  disposing  of  the  electrical  cost 
is  to  consider  that  the  gas  saved  by  a  single  top  burner  will 
more  than  pay  for  the  electric  current  to  operate  the  entire 
range  so  that  for  all  burners  in  operation  in  excess  of  one 
the  electrical  current  costs  nothing.    That  this  statement  is 
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justified  is  indicated  by  the  following,  Kssuniing  the  inefficient 
fan  and  motor  that  costs  0.9  cent  per  hour  to  operate  is  re- 
placed by  a  better  set,  more  suitable  in  size  and  design.  If 
the  service  of  a  standard  15  cubic  foot  bunseti  top  burner  is 
equal  to  a  10  foot  surface  combustion  burner  (ratio  1.5)  the 
gas  saving  is  5  cubic  feet  per  hour,  which  is  worth  5  -=- 

0.5  cent  per  hour.  If  the  range  had  four  top  burn- 
ers, one  jumbo,  and  two  broiler  oven  burners,  and  the  ratio 
1.5  applied  to  the  whole  consumption,  then  for  the  bunsen 
range  the  hourly  gas  would  be  (3  X  15)  +  (3  X  20)  —  105 
cubic  feet,  j^inst  (3  X  10)  +  (3  X  i3-3)  =  70  cubic  feet 

for  the  surface.     For  this  gas,  the  latter  would  require  —    ■-- 

—  7  cubic  feet  per  minute  at  4  inches  water.    This  corre- 

tiponds  to  an  air  horse-power  of — =  0.0044.  With 

33,000  ^^ 

a  fan  efficiency  of  50  per  cent,  the  motor  horse-power  is  -^ — ^ 

^  0.0088  and  for  75  per  cent,  motor  efficiency  the  electrical 

horse-power  input  is  -^ =^0.0117.     This  is  equivalent  to 

0.01 17  X  746  =  8,76  watts  which  at  10  cents  per  1,000  is  worth 
0.0876  cent.  Thus  the  electric  cost  for  the  whole  range  is  only 
0.0S76  cent  per  hour,  while  one  top  burner  saves  in  gas  0.5 
cent  per  hour.  This  shows  how  conservative  is  the  general 
estimate  above,  that  the  gas  saving  at  one  burner  will  more 
than  defray  the  expenses  for  current  for  the  entire  range,  for 
under  the  conditions  named  the  gas  saving  at  one  burner  is 
five  times  the  cost  of  current  for  all  of  them.  The  vacuum 
cleaner  fan  used  on  the  first  range  consumed  ten  times  the 
current  that  was  really  necessary  yet  even  so,  two  top  burners 
save  enough  gas  to  pay  for  all  the  current. 
In  the  following  table  there  is  given  a  series  of  equivalents 
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in  gas  saving,  cubic  feet  per  hour,  the  value  of  which  just 
balances  various  values  of  electrical  horse-power  requirements 
of  fan,  which  will  be  found  convenient  for  reference. 
Gas  Saving  Nbcessary  to  Jdst  Pay  Cost  of  Electric  Current 
Expended  for  Pan  Operating  Surface 
Combustion  Appliances. 


Electric 
H.  P.  nqnind      Bqnhatcnt 

O.OI 7.46 

o-oa 14-93 

0,03 ai.38 

0-04    '9M 

o-os 37-30 

0.06 44.76 


Bqolvalent  ■mpcn  u 


0.13  . 


■  59-68 
.  67.14 
-  74.60 
.  83.06 

■  89.5a 

■  96-98 
.  104.44 


0.13564 
0,20346 
0.37138 
0.33910 
0.40693 
0.47474 
0.54*56 
a6io38 
0.67810 
0.74601 
0.81384 


0.10173 
0-13564 
016955 
0,10346 
o.»3737 
0.27118 
0.30519 
0.33910 
0.37301 
0.40691 
0.44083 
047474 


.0746 
1491 
M38 
3984 
3730 
4476 
5aaa 
5968 
6714 
,7460 


..98 
3.73 
4.48 
5.33 
5-97 
6.71 
7.46 

8.31 

8.9s 
9.70 


0.94948 

It  is  hoped  that  this  review  of  the  development  of  surface 
combustion  will  show  that  it  is  now  possible  to  design  rather 
than  merely  invent  apparatus,  and  that  such  apparatus  as 
commercial  conditions  may  require  may  now  be  produced  in 
no  more  time  than  is  necessary  to  decide  on  the  models  to  be 
manufactured  and  the  production  of  an  initial  stock,  but  there 
is  no  intention  of  leaving  the  impression  that  the  work  of 
development  is  finished  for  it  is  only  just  fairly  started,  and 
should  be  continued  with  corresponding  improvement  in  appli- 
ances for  the  next  half  century. 
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DISCUSSION. 

The  foUowii^  questions  were  asked,  which  were  answered 
by  Dr.  Lucke: 

Df.  Lucre  (New  York  City):  We  are  prepared  now  to 
have  a  little  heart  to  heart  talk  about  these  things,  answerii^ 
and  asking  questions,  and  after  everybody  is  satisfied, — we 
intend  to  satisfy  everybody — then  we  will  arrange  to  have 
the  audience  pass  up  right  and  left  and  have  a  close  look  at 
the  appliances  that  have  been  in  operation  all  the  time.  After 
the  discussion  therefore  will  all  those  to  the  right  of  the  center 
pass  up  to  the  right  hand  group  of  appliances  and  the  rest  to 
the  left,  the  two  groups  are  absolutely  identical.  Now,  the 
questions.     This  is  always  the  best  part  of  a  meeting. 

A  Member:     What  is  the  durability  of  the  burner? 

Dr.  Lucre  :  I  do  not  know.  I  have  run  them  six  months 
and  they  are  still  as  good  as  they  were. 

Mr.  James  FerriER  (Rome,  Ga.) :  I  wanted  to  ask  you 
why  not  circulate  water  around  a  tube? 

Dr.  Lucre;  If  I  understand  you  rightly,  your  idea  is  to 
circulate  water  around  the  mixture  feed  tubes.  Water  would 
improve  the  cooling  of  these  passages,  but  it  is  good  enough 
now,  so  we  don't  need  the  water, 

Mr.  FerriEr  :     I  think  we  will  need  it. 

Dr.  Lucre;  Then  we  will  use  it.  When  we  come  to 
large  areas  or  very  high  rate  of  combustion  as  may  be  desir- 
able in  some  industrial  operations,  for  example  heating  a 
furnace  requiring  20  or  30  square  feet  of  very  hot  surface 
there  might  be  some  difficulty  about  getting  a  good  circulation 
of  air  underneath.  Of  course,  we  would  use  water  in  that 
case,  but  in  these  domestic  appliances  it  is  very  desirable 
that  no  water  be  introduced. 

A  Member:  Will  a  change  in  gravity  of  the  gas  cause  any 
trouble  ? 
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Dk.  Lucke:  I  do  not  think  so.  Of  course,  that  would 
change  the  velocity  of  flow,  and  it  would  therefore  to  some 
extent  vary  the  proportions  in  the  mixing  valve,  but  the 
amount  of  variation  will  be  so  small  as  to  be  unobservable 
except  by  very  accurate  tests.  The  ordinary  user  would  not 
know  anything  had  happened. 

Mr.  J.  D.  VON  Maur  (St.  Louis,  Mo.):  Will  the  opera- 
tion of  the  range  be  quiet  or  will  it  be  noisy  as  we  hear  it 
now? 

Db.  Lucke:  I  do  not  know.  I  think  it  will  be  a  good 
deal  more  quiet  than  it  is.  I  want  to  make  it  so  and  I  think 
I  can.     These  are  just  the  first  ones. 

Mr.  Walter  R.  Addicks  (New  York  City):  They  are 
more  quiet  than  the  original  ones  now. 

Dr.  Lucre  :  We  have  made  a  great  improvement  in  that 
respect,  I  do  not  see  any  reason  why  we  could  not  get  them 
absolutely  silent.  The  one  thing  that  is  making  most  of  the 
noise  is  the  motor  driven  fan,  and  if  you  have  any  electrical 
friends  just  persuade  them  to  make  me  a  quiet  motor. 

Mr.  G.  W.  Thomson  (Chester,  Pa.) :  Why  does  the  name 
surface  combustion  apply  to  this  method? 

Dr.  Lucre  :  A  very  good  question.  That  is  the  key  note 
of  the  whole  process.  If  gas  itself  without  any  air  mixture 
were  discharged  through  openings  like  my  finger,  there  would 
be  a  tremendous  volume  of  flame.  Gas  burning  alone  would 
give  3  big  volume  of  flame,  the  flame  itself  would  fill  much 
space.  By  using  premixed  air  with  the  gas  the  flame  volume  is 
reduced.  The  total  cubic  feet  occupied  is  less  and  less  until 
just  at  these  combining  proportions  the  flame  volume  becomes 
zero  and  is  replaced  by  a  surface  instead.  Then  those  (refer- 
ing  to  the  appliances)  will  be  length  and  breadth  of  flame  with- 
out any  thickness,  so  it  is  surface  combustion. 

A  Member:    What  is  the  temperature  of  the  flame? 

Dr.  Lucre:  I  do  not  know,  and  so  far  as  I  know  there 
is  no  way  of  measuring  it.  I  would  like  to  know.  When  we 
attempt  to  measure  with  any  platinum  or  platinum  alloy  re- 
8? 
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sistance  or  thermo  couple  thermometers  they  melt.  Optical 
pyrometers  are  entirely  useless  for  the  purpose,  since  the 
Same  is  underneath  something  that  you  cannot  look  throt^h. 

Me.  \V.  R.  Addicks  :  What  is  the  probable  minimum  tem- 
perature ? 

Dr.  Lucke  :  The  probable  minimum  temperature  is  some- 
where around  thirty-three  or  thirty-four  hundred  F,  over 
three  thousand  degrees  Fahrenheit. 

Mr.  R.  W.  Polk  (St.  Louis,  Mo.)  ;  Where  is  that  tempera- 
ture? 

Dr.  Lucre  :    Right  where  the  flame  is. 

Mr.  Polk:    On  the  surface? 

Dr.  Lucke:  Where  the  flow  velocity  is  equal  to  rate  of 
propagation,  and  if  you  want  to  know  exactly  where  it  is  in 
any  appliance  put  in  some  granulated  Are  brick,  leave  it  there 
for  a  moment,  and  shut  off  the  gas  and  then  it  will  be  found  to 
have  fused  to  a  lump  just  where  the  flame  was, 

Mr,  Polk  :  That  is  not  the  temperature  at  the  outer  sur- 
face? 

Dr.  Lucke:  No,  sir;  the  temperature  at  the  outer  surface 
is  very  much  less  than  that.  The  temperature  on  the  outside 
surface  is  the  result  of  a  balance  between  the  heat  that  reaches 
it  and  the  heat  that  gets  away  from  it  by  radiation. 

Mr.  John  B,  Klumpp  (Philadelphia):  Can  you  blow  it 
out,  Doctor? 

Dr.  Lucke:  Not  L  Seriously  speakii^  I  believe  these 
fires  cannot  be  blown  out  by  any  wind  or  draft  and  even  are 
quite  unaffected  by  blowing  that  would  put  out  a  bunsen. 

Mr.  J.  B.  Klumpp:  What  would  happen  if  the  motor 
should  stop  running? 

Dr.  Lucke:  If  the  motor  stopped,  and  the  air  supply 
ceased  the  gas  would  continue  to  bum  at  the  same  place  with 
a  lazy  smoky  flame  and  thus  give  a  signal  of  that  fact  No 
harm  would  result  except  to  soot  things  up. 

A  Member:    Suppose  the  pressure  should  become  exces- 
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Dh.  Lucke:     Do  you  mean  the  gas  pressure? 

A  Member:     The  air  pressure. 

Dr.  Lucke  :     The  air  pressure.     It  would  blow  out. 

A  Member:     Could  it  get  back  into  the  gas  pipe? 

Dr.  Lucke:  Could  the  air  pressure  get  back  into  the  gas 
pipe?  Not  with  any  fan.  We  use  the  fan  for  an  air  supply, 
Itecause  fans  cannot  give  h^  pressure,  but  if  we  thought  the 
service  conditions  were  such  as  to  involve  any  possibility  of  a 
little  excess  air  pressure,  we  would  add  another  check  valve. 
We  already  have  a  check  valve  on  the  fan  outlet,  so  in  case 
the  operator  turns  on  gas  without  starting  the  fan  first — of 
course,  they  always  do  that,  you  know — then  the  gas  cannot 
blow  out  through  the  fan.  If  we  thought  the  service  condi- 
tions were  such  as  to  involve  the  building  up  of  a  higher  air 
than  gas  pressure,  due  to  a  failure  on  the  part  of  our  diaphragm 
regulator,  if  that  is  what  is  in  your  mind,  a  little  light  check 
valve  on  the  gas  line  would  stop  a  reversal  of  flow.  So  far 
we  have  not  believed  there  is  any  necessity  for  it.  If  any- 
body wants  it  it  can  be  put  there,  and  that  would  make  insur- 
ance doubly  sure. 

Mr.  J.  D.  VON  Maur  (St.  Louis,  Mo.)  :  You  say  the  ex- 
cessive flow  of  pressure  would  blow  the  flame  out.  Suppose 
that  happened  when  there  was  nobody  in  the  room  ?  Wouldn't 
the  gas  escape  into  the  room  ? 

Dr.  Lucke  :    Yes,  sir. 

A  Member:  What  is  the  chemical  composition  of  that  por- 
ous baffling  material  used  in  the  top  of  the  burner? 

Dr.  Lucke  :  There  is  no  particular  secret  in  that.  I  notice 
several  periodicals  seem  to  think  it  is  the  real  secret  of  the 
process.  This  is  not  true.  Anything  that  will  not  melt  and 
will  not  crack  up  under  the  heating  will  do  the  business.  What 
we  are  using  here  now  is  fused  silica,  which  is  a  very  perma- 
nent material,  works  splendidly ;  if  you  like  aluminum  better. 
all  r^ht,  it  can  be  obtained  black  or  white;  mourning  or  half 
mourning. 
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A  Member:     Is  the  life  of  the  baffling  silicon  indefinite? 

Dr.  Lucke:  Silica  is  quartz,  and  it  is  fused  to  changes  in 
physical  but  not  its  chemical  properties.  The  natural  quartz 
or  flint  stone  will  on  sudden  heating  crack ;  it  would  all 
crumble  into  powder  after  a  while,  but  if  it  be  fused  in  an 
electric  arc  it  may  then  be  dropped  molten  into  water  with- 
out seriously  cracking.  It  loses  its  expansion  characteristics. 
It  has,  what  you  say,  almost  a  zero  co-eflicient  of  expansion. 

Mr.  Walton  Forstall  :  Are  these  burners  on  the  market, 
and  if  not,  when  will  they  be  ? 

Dr.  Lucke  :  Yes,  but  for  such  information  I  refer  you  to 
a  commercial  man.  I  am  not  a  commercial  man.  I  do  not 
know  how  to  buy  and  sell  things.  I  only  know  how  to  make 
them. 

Mr.  R.  E.  Slade  (New  Orleans,  La.)  :  Is  there  any  trouble 
with  grease  or  dirt  stopping  up  the  holes? 

Dr.  LiiCKE:  Grease  cannot  stop  up  the  holes  unless  it  be 
spilled  on  cold.  What  would  happen  then  I  do  not  know. 
Dirt  might  fill  up  the  holes,  but  so  far  we  have  not  had  any 
trouble  of  that  sort  except  in  shipment,  when  these  things 
were  shipped  down  here  they  were  shipped  complete,  and  we 
found  when  they  got  here  some  holes  were  dirty  from  the 
banging  they  got  on  the  railroad.  After  they  have  been  set 
up  to  operate  they  do  not  seem  ever  to  change. 

A  Member:  Have  you  found  sufficiently  refractory  ma- 
terial to  hold  the  silica  in  place? 

Dr.  Lucke  :  \\'e  are  using  a  high-grade  of  fire-brick  now 
and  we  find  for  the  low  rate  of  combustion  used  on  these 
domestic  appliances  that  it  is  good  enough.  It  would  not  do 
at  all  for  a  high  temperature  furnace  like  that  for  small  cru- 
cible melting.  For  that  purpose  we  found  the  best  thing  to 
be  alundum  cement ;  to  avoid  shrinkage  of  the  cement,  it  can 
be  mixed  with  alundum  grain  and  if  the  proportion  of  cement 
to  alundum  grain  be  adjusted  so  that  the  cement  just  fills  the 
voids  between  the  grain  by  measurement  it  will  not  shrink  at 
all.     It  is  very  permanent  under  high  temperature. 
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A  Member:  What  I  meant  was  the  materials  you  are 
using  here,  that  is  the  metal  ? 

Dr.  Lucke:     You  mean  that  screen? 

A  Member  :    Yes. 

Dr.  Lucke  :  When  this  burner  with  loose  beds  is  put  ver- 
tically or  upside  down  of  course  we  use  a  screen.  That  is 
just  because  it  is  convenient.  That  screen  as  used  here  is  of 
nickel  and  chromium  with  some  iron  alloy,  about  eighty  per 
cent,  nickel  and  twenty  per  cent,  alloy.  It  is  supposed  to  be 
good  permanently  for  any  temperature  up  to  2,000  degrees  F- 
I  have  had  some  of  it  in  operation  for  about  six  months, 
and  it  does  not  appear  to  be  injured.  We  can,  of  course, 
bond  all  that  silica  or  alundum  grain  and  make  a  porous  brick 
and  eliminate  the  screen  entirely.  I  do  not  like  to  do  that 
myself.  However,  if  you  like  it,  we  will  make  it  for  you. 
It  might  be  struck  by  something  and  crack,  and  I  think  per- 
haps that  would  be  worse  than  bending  the  wire.  It  is  just 
a  matter  of  taste.  We  have  reached  the  point  where  we  can 
make  things  to  suit  people's  taste,  and  that  is  quite  some  pro- 
gress. 

Mr.  William  McClELLan  (New  York  City) :  Have  you 
any  knowlec^  of  the  proportion  of  the  radiant  effect  as  in 
this  improvement  compared  to  the  decrease  of  excess  air. 

Dr.  Lucke;  Yes,  sir.  You  will  find  some  data  in  the 
paper.  You  will  find  a  report  of  a  test  of  a  pair  of  water 
heaters,  one  Bunsen  and  the  other  surface,  with  absolutely 
identical  coils  at  about  the  same  amount  of  h'eat  per  hour. 
The  difference  between  their  performance  is  due  almost  en- 
tirely to  a  change  in  the  excess  air,  the  elimination  of  the 
excess  air.  For  the  ratio  of  their  performance  which  is 
recorded  there  is  the  direct  measure  of  the  excess  air  effect. 
Then  for  another  case  where  you  have  both  excess  air  and  radi- 
ation involved  subtract  the  excess  air  effect  from  this  water 
heater  data  and  the  rest  is  the  radiant  effect.  Have  you  the 
idea?     If  you  do  not  see  it  I  will  explain  it  to  you  later. 
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A  Member:  You  spoke  of  the  combustion  receding  into 
the  refractory  surface.  Does  that  cause  any  loss  in  the  heat 
radiation  ? 

Dr.  Lucke:  No,  it  only  delays  the  time  of  reaching  the 
permanent  condition ;  that  is  all.  The  more  material  there  is 
to  be  heated  the  longer  it  takes  the  burner  to  reach  a  steady 
state,  as  I  have  pointed  out.  The  flame  will  ultimately  locate 
at  the  same  place  but  take  longer  to  get  there.  For  a  domestic 
range  we  have  to  cut  down  the  mass  of  material  to  be  heated 
to  a  very  small  amount.  This  type  of  burner  has  only  about 
three- sixteenths  of  an  inch  layer  on  top,  a  very  small  amount, 
and  they  will  heat  to  proper  working  conditions  in  less  than 
a  minute.  I  do  not  know  exactly  what  the  time  is,  but  some- 
where about  a  minute. 

Mr.  Charles  O.  Bond  (Philadelphia,  Pa.)  :  What  is  the 
lowest  gas  pressure  at  which  it  is  successfully  worked? 

Dr.  Lijcke:  That  is  a  question  of  the  size  of  the  hole. 
With  holes  one-sixteenth  of  an  inch  as  these  are  the  burner 
has  been  turned  down  for  an  indefinite  time  after  being  heated 
up  to  the  highest  temperature  and  operated  at  two-tenths,  by 
cutting  down  the  holes  to  something  smaller  than  one-six- 
teenth, something  in  the  neighborhood  of  one-sixty-fourth,  the 
flame  will  not  flash  back  at  all,  no  matter  how  you  cut  the  pres- 
sure down.  We  do  not  do  quite  that  far,  because  we  do  not 
like  the  holes  to  be  any  smaller  than  necessary  on  account  of 
the  inconvenience,  dirt  might  collect  more  in  a  little  hole  than 
a  big  one.  These  will  all  run  at  two-tenths  or  less.  By  cut- 
ting the  size  of  the  hole  the  minimum  working  pressure  can 
be  made  as  small  as  wanted. 

A  Member  :  Have  you  attempted  any  heat  balance ;  have 
you  made  any  measure  of  efficiency? 

Dr.  LuckE:  Hundreds  of  them.  On  top  burners  the  ef- 
ficiency is  between  sixty  and  seventy  per  cent.  On  broilers  I 
do  not  know  what  it  is.  because  I  do  not  know  the  thermal 
equivalent  of  a  beef  steak. 
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Mr.  Stannaw)  (Denver,  Colo.)  :  Do  these  ranges  cost 
any  more  than  the  ones  that  are  used  now? 

Dr.  Lucre:     They  will. 

Mr.  W.  R.  Addicks  (New  York  City) ;  What  proportion 
of  the  additional  cost  is  in  that  electric  motor? 

Dr.  Lucks  :    Almost  all  of  it. 

Mr.  J.  M.  MoeBhead  (Chicago,  111.) :  Gentlemen,  this 
.  question  of  surface  combustion  has  been  one  which  up  until 
to-night  I  think  we  knew  very  little  about.  It  is  a  new 
ground.  There  was  no  way  we  could  find  out  about  it,  for 
there  was  nobody  we  could  ask.  They  say  trying  experiments 
is  asking  nature  questions.  It  is  very  hard  to  get  a  definite 
answer.  Nature  is  very  elusive.  It  is  hard  to  pin  her  down 
and  get  a  definite  answer  to  a  definite  question.  Experiments 
are  generally  slow.  They  are  always  expensive  and  some- 
limes  dangerous.  I  think  that  Dr.  Lucke  has  given  some 
very  definite  answers  to  some  very  definite  questions  he  was 
asked  about  surface  combustion.  He  has  been  a  pioneer  in 
this  business.  He  has  extended  the  frontier  of  our  knowledge 
and  he  is  to  be  congratulated  on  what  he  has  done,  but  es- 
pecially I  think  that  the  association  is  to  be  congratulated  on 
the  fact  that  Dr.  Lucke  has  carried  us  with  him  beyond  what 
until  to-night  was  our  frontier  of  knowledge  in  the  combustion 
of  gas,  and  I  want  to  move  that  the  association  shows  its  ap- 
preciation by  voting  a  vote  of  thanks  to  Dr.  Lucke  for  the 
information  which  he  has  imparted  to  us  to-night,  and  through 
us  to  the  entire  gas  industry  of  the  United  States,  and,  I  will 
say,  without  any  detriment  tp  the  lecture  which  we  heard  once 
before,  that  in  view  of  the  prioress  since  then  he  is  extending 
information  to  the  entire  world.  And  I  move,  gentlemen,  that 
a  vote  of  thanks  be  extended  to  Dr,  Lucke. 

Mr.  Stannard  :     Motion  seconded. 

The  President:  You  have  heard  the  motion  which  has 
l>een  seconded  more  than  once.     All  in  favor  of  it  say  aye. 

(Motion  carried  unanimously.) 
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The  President:  Dr.  Lucke,  it  gives  me  great  pleasure  to 
extend  to  you  the  thanks  of  the  Institute  for  coming  here 
and  giving  this  lecture.  I  appreciate  fully  what  it  means  to 
you  to  have  done  so,  and  I  appreciate  the  months  of  work  and 
careful  investigation  you  have  made  of  this  subject.  We 
thank  you.     (Applause.) 
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DEPRECIATION;  ESTIMATED  AND  ACTUAL* 

A    p*pa   hj   Alounder   C    Humphrey!,   M.  E.,  Sc  D^  LL.  D.,   tepcaaiDB^   die 

Ammcan  Gu  Imritiile;  and  pmenlcd  at  the  Jubilee  Moeliiig  of  ihe 

Luiilulioa  of  Gu  EotiiiBen,  Great  Britain,  Jiidc;   1913. 

The  American  Gas  Institute  having  accepted  the  gracious 
invitation  of  the  Institution  of  Gas  Engineers  to  present  a 
paper  at  this  meeting,  which  is  intended  particularly  to  cele- 
brate its  fiftieth  anniversary,  I  have  been  designated  to  rep- 
resent the  sister  society  tor  this  service.  I  appreciate  the 
honor  thus  conferred;  and  this  sense  of  appreciation  finds 
emphasis  in  the  fact  that  my  long-time  friend.  Sir  Corbet 
Woodall,  is  the  Institution's  President  this  Jubilee  year, 

I  have  chosen  as  my  subject  "Depreciation,"  so-called. 
This  is  a  subject  of  importance  to  the  owners  and  managers 
of  all  industrial  properties.  It  is  of  particular  importance  to 
the  owners  and  managers  of  public  service  properties.  In 
connection  with  rate-making  cases  before  commissions  and 
courts,  it  is  of  vital  importance  to-day  to  the  owners  and 
managers  of  public  service  properties  in  the  United  States. 
Within  the  limits  of  a  single  paper — perhaps  extended  be- 
yond the  bounds  su^ested  by  a  kindly  forbearance — I 
cannot  hope  to  meet  satisfactorily  all  the  many  and  complex 
questions  which  have  come  to  be  included  or  involved  in  the 
ambiguous  term  "Depreciation."  Certainly,  as  used  in  the 
United  States  the  term  is  not  self-explanatory.  This  in- 
ability on  the  part  of  those  discussing  moot  questions  to 
agree  upon  the  meaning  of  terms  and  forms  of  expression 
is  at  all  times  a  fruitful  source  of  otherwise  unnecessary 
disagreement.  Perhaps  this  is  particularly  in  evidence  in 
the  United  States.  I  know  in  advance,  therefore,  that 
through  one  cause  or  another,  partly  on  account  of  the 
magnitude  of  the  subject  and  my  inability  to  give  adequate 
expression  to  my  views  within  the  limits  required,  I  shall 
not  now  succeed  in  avoiding  all  misunderstanding. 

■  Reprinted  trotn  tlie   TraxnuliMi  nf  the  /nililKluni  of  Gat  Engjxttn  (Great 
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Necessarily,  what  I  have  to  say  is  of  more  direct  interest 
to  an  American  audience.  But  part  of  what  follows  should 
be  of  interest  to  all  owners  and  mana^rs  of  public  service 
properties;  and  in  view  of  the  fact  that  fliere  is  no  incon- 
siderable amount  of  British  capital  invested  in  American 
public  service  properties,  this  discussion  may  be  found  to 
be  of  direct  interest  to  many  on  your  side  of  the  Atlantic. 
In  view  of  the  spirit  of  unrest  which  is  now  in  evidence  all 
over  the  civilized  world,  and  the  readiness  with  which  addi- 
tional laws  are  placed  upon  the  Statute  Bootes  of  the  United 
States,  it  is  of  the  utmost  importance  that  those  who  are 
responsible  for  these  properties  should  be  more  nearly  in 
agreement  as  to  the  most  effective  lines  to  be  followed  in 
their  honest  efforts  to  secure  full  protection  for  the  invest- 
ments entrusted  to  them. 

If  the  many  and  complex  questions  involved  in  deprecia- 
tion are  to  be  solved  so  as  to  do  justice  both  to  the  investor 
and  the  purchaser  of  service,  there  is  required  on  the  part 
of  all  concerned  the  most  competent,  comprehensive,  and 
judicial  study  and  treatment.  While  this  responsibility  must 
rest  upon  all  who  can  or  do  exercise  influence  in  the  settle 
ment  of  these  questions,  particularly  must  the  responsibility 
rest  upon  the  lawyers  and  experts  representing  the  compa- 
nies. In  certain  cases  these  representatives  of  l^itimatelv 
invested  capital  have  not  sufficiently  mastered  the  questions 
involved  to  qualify  them  to  meet  effectively  their  gre-*t 
responsibilities.  This  is  peculiarly  a  cause  for  concern 
because  the  commissions  and  courts  have  of  late  years  had 
thrust  upon  them  for  adjudication  many  novel  questi^ms ; 
and  so  they  need  at  our  hands  all  that  we  can  furnish  as  to 
general  theory  and  special  conditions.  Here  it  is  necessary 
to  distinguish  between  hypothesis  and  theory.  The  theories 
adopted  must  include  all  the  accepted  teachings  of  experi- 
ence. 

While  looking  and  hoping  for,  and  confidently  expecting, 
such  a  revision  of  public  opinion  as  will  give  the  public  ser- 
vice corporations  more  even-handed  justice  than  has  been 
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indicated  of  late  in  certain  cases,  this  hope  and  expectation 
should  rest  upon  the  determination  on  the  part  of  those  most 
directly  concerned  to  do  all  that  is  Intimate  and  straight- 
forward to  this  end.  Certainly  it  is  the  duty  as  well  as  the 
best  policy  of  the  representatives  of  the  companies  to  be 
frank  in  their  statements  of  fact  and  bold  in  the  presentation 
of  their  opinions,  provided  those  opinions  have  been  formed 
with  the  rights  of  all  in  mind. 

We  must  believe  that,  in  the  great  majority  of  cases,  the 
commissions  and  courts  are  doing  their  best,  as  far  as  time 
and  training  permit,  to  arrive  at  just  decisions.  But  without 
wishing  to  express  disrespect  for  our  commissions  and 
courts,  certainly  we  must  not  be  too  ready  to  accept  their 
opinions  as  the  final  word  on  any  technical  question.  Some 
of  our  lawyers  and  experts  are  too  ready  to  accept  court 
opinions  and  decisions  as  final.  The  fact  that  on  any  of  the 
questi(»is  we  have  to  consider  we  can  find  court  opinions 
varying  throt^h  a  wide  range  should  furnish  a  sufficient  cor- 
rective to  this  subserviency  of  ntind.  Certainly  we  should 
constantly  keep  in  mind  that,  at  least  on  many  of  the  tech- 
nical questions  involved,  we  engineers  are  more  competent 
to  form  a  correct  judgment  than  are  the  lawyers  or  ju(^s. 

For  instance,  I  am  not  prepared  to  change  my  opinion  as 
to  the  strength  of  cast-iron  pipe  as  ordinarily  used  for  the 
distribution  of  gas  because  the  late  Justice  Peckham,  of  the 
Supreme  Court  of  the  United  States,  in  handing  down  the 
unanimous  decision  of  that  court,  in  the  celebrated  New 
York  Consolidated  Gas  Company's  case,  included  in  his 
opinion  the  statement  that  one  feature  of  the  law  under  con- 
sideration could  not  be  enforced  against  the  company  be- 
cause a  pressure  measured  by  a  column  of  water  2J^  inches 
high  would  burst  the  cast-iron  pipes  used  to  convey  the  gas. 

This  may  be  taken  as  an  exceptional  error.  But  this  case 
of  the  Consolidated  Gas  Company  was  one  of  vital  impor- 
tance to  our  public  service  corporations  and  we  may  assume 
that  it  received  the  most  careful  attention  of  the  Judge  to 
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whom  was  assigned  the  duty  of  making  th«  more  specific 
study  of  the  evidence  and  of  writii^  the  opinion  of  the 
court.  Judge  Peckham  was  an  able  judge  and  a  fair  man, 
and  yet  he  made  an  error  which  an  illiterate  but  specifically 
trained  foreman  of  a  street  gang  could  not  have  made.  If 
Judge  Peckham  could  make  such  an  error,  why  should  we 
blindly  accept  the  opinions  of  commissioners  and  judges 
simply  by  reason  of  their  official  position? 

Are  we  not  further  warned  against  a  too  subservient  atti- 
tude of  mind  in  this  connection  when  we  find  our  commis- 
sions and  courts  holding  widely  different  opinions  on  what 
appear  to  be  comparatively  simple  points  of  law?  Where 
there  is  a  direct  question  stated  with  all  the  facts  arrayed  on 
both  sides,  I  see  no  reason  why  the  engineer  is  not  as  com- 
petent to  express  a  sane  opinion  on  the  law  as  a  judge  or 
lawyer  is  competent  to  express  a  correct  judgment  on  some 
technical  question  in  engineering  or  accounting.  I  feel  quite 
sure  that  in  many  such  cases  I  could  do  as  well  on  the  law 
questions  as  Judge  Peckham  did  on  the  question  of  the 
strength  of  the  ordinary  cast-iron  pipe. 

I  could  cite  many  other  cases  to  support  this  proposition. 
1  have  in  mind  a  statement  presented  over  the  signature  of 
the  chief  statistician  of  one  of  our  most  influential  state 
public  service  commissions,  in  which  nearly  a  million  dollars 
was  deducted  from  the  operating  expenses  of  a  certain  com- 
pany because  the  money  was  paid  for  taxes.  Those  of  us 
who  have  to  supply  from  income  the  money  to  meet  the  tax 
collector's  claim  will  find  little  comfort  in  the  statement  of 
commission  or  court  that  this  item  of  cost  is  a  "fixed  charge," 
and  therefore  something  different  from  the  other  items  of 
cost — such  as  wages,  salaries,  coal,  etc.  I  do  not  find  that 
this  classification  assists  me  to  pay  the  bill  or  to  reduce  the 
fost  per  i,ooo  cubic  feet  of  the  gas  sold. 

Much  of  the  error  to  be  found  in  the  opinions  and  deci- 
sions of  the  commissions  and  courts  is  due  to  the  acceptance 
of  hypotheses  as  theories,  which  fail  to  meet  the  definition 
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of  theory  because  they  exclude  the  necessary  hmitations  of 
practice.  One  reason  for  misunderstanding  in  connection 
with  depreciation,  so-called,  is  that  some  of  those  charged 
with  responsibility  fail  to  appreciate,  either  wholly  or  in 
part,  that  the  questions  involved  are  not  the  same  in  the 
case  of  a  so-called  monopoly,  subject  to  governmental  regu- 
lation, as  in  the  case  of  a  commercial  undertaking  engaged 
in  an  avowedly  competitive  business,  and  which  only  has  to 
reckon  in  this  connection  with  its  owners.  This  statement 
is  not  to  be  misinterpreted  by  those  who,  through  ignorance, 
are  ready  to  discover  dishonest  motives  actuating  those 
dealing  with  the  public. 

To  take  a  simple  example:  In  a  close  corporation  en- 
gaged in  a  competitive  business,  the  managers  of  which  are 
liable  only  to  their  own  stockholders,  it  may  be  considered 
right  and  wise  to  distribute  only  a  portion  of  the  net  profits 
and  to  apply,  wholly  or  in  part,  the  surplus  profits,  particu- 
larly in  extra  prosperous  years,  to  writing  down  the  plant 
account.  In  the  past  this  has  been  r^arded  as  conservative 
practice.  Even  though  the  proprietors  received  no  addi- 
tional stock  to  represent  the  increase  in  assets,  they  knew 
that  their  proportional  shares  in  the  ownership  of  the  prop- 
erty remained  unchanged.  But  to  get  a  fair  return  on  the 
full  investment,  the  dividends  were  necessarily  based  upon 
what  appeared  to  those  uninformed  as  an  excessive  dividend 
rate.  The  fact  that  the  plant  and  business  had  been  ex- 
tended by  the  investment  of  earnings — the  dividends  paid  as 
averages  through  the  years  probably  having  been  moderate 
— does  not  in  any  way  vitiate  the  ownership  of  the  stock- 
holders in  these  extensions.  If  all  the  net  profits  had  been 
distributed  to  the  stockholders,  and  then  the  additional 
capital  as  required  had  been  handed  back  to  the  company  in 
payment  for  additional  stock,  the  facts  would  not  be  changed. 
Yet  by  this  last  method  there  could  have  been  no  question  as 
to  the  rights  of  the  stockholders. 

In  the  case  of  public  service  corporations  whose  rates  of 
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charge  are  subject  to  regulation,  however,  this  practice 
raises  questions,  and  so  subjects  the  stockholders  to  unneces- 
sary hazard.  In  the. State  of  Massachusetts,  this  practice  of 
writing  down  plant  account — chaining  extensions  against 
income  and  also  debiting  Itunp  sums  to  loss  and  gain  and 
crediting  plant  account — has  been  much  in  evidence.  This 
was  to  be  expected  frtwn  the  generally  conservative  tenden- 
cies in  New  England.  The  State  of  Massachusetts  was  the 
first  to  place  its  gas  companies  under  the  supervision  or  con- 
trol of  a  commission.  This  commission  was  not  given  the 
powers  that  are  now  conferred  upon  our  state  commissions ; 
but  it  exercised  a  very  restrictive  influence  as  to  stock  and 
liond  issues  and  rates  of  return,  and  its  decisions  in  this 
connection  have  not  been  notable  for  consistency.  Tlie  case 
is  made  harder  for  the  stockholders  because  the  law  of 
this  state  prohibits  stock  dividends  to  cover  surplus  earned. 

The  effort  of  this  writing  down  of  the  Massachusetts 
companies  is  at  once  apparent  by  a  study  of  the  annual  re- 
ports of  the  Conuntssion  of  Gas  and  Electricity.  These 
companies,  instead  of  showing  "watered"  stock,  show  a  total 
capitalization  which  does  not  represent  the  structural  value 
of  the  plants,  to  say  nothing  of  certain  overhead  charges  and 
"going  value."  One  of  these  companies  shows  a  capital  which 
is  equal  only  to  35  cents  per  1,000  cubic  feet  of  annual  sates. 
If  we  add  to  the  capital  stock  as  issued  the  "notes  payable" 
issued  to  cover  part  of  the  extensions  and  for  which  the  ctxn- 
pany  may  hope  to  be  allowed  to  issue  stock,  the  total  is  only 
Si  .64  per  1,000  cubic  feet  of  annual  sales.  The  cost  to  re- 
produce the  plant  and  business  of  this  company  would  exceed 
$5  per  1,000  cubic  feet  of  annual  sales. 

In  a  case  recently  decided  by  this  commission,  the  gas 
company  involved  (Attleboro)  had  been  paying  12  per  cent, 
dividends  on  a  capital  which  was  equal  to  $i.to  per  1,000 
cubic  feet  of  annual  sales.  The  commission  in  its  c^inion 
says :  "Its  capital,  in  proportion  to  its  business,  ranks  lowest 
of  the  gas  companies  in  the  state."     This  company  had  no 
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"notes  payable"  against  extensions;  so  presumably  the  Com- 
mission took  this  into  account  in  making  the  comparison  with 
other,  companies,  and  particularly .  the  company  to  which  I 
first  referred.  But  notwithstanding  the  company  was  paying 
only  12  per  cent,  on  its  capital  as  issued,  which  would  have 
been  about  3.6  per  cent,  on  a  capital  equal  to  $5  per  1000 
cubic  feet  of  annual  sales,  the  commission  reduced  the  price 
of  gas,  at  the  same  time  enunciating  certain  rules  which  clearly 
must  operate  to  confiscate  portions  of  the  company's  Inti- 
mate investment. 

I  simply  introduce  these  cases  to  point  out  that  what  may 
be  conservative  policy  in  the  matter  of  writing  down  plant 
account  to  cover  "depreciation"  in  the  case  of  a  company 
managing  its  own  business,  it  is  a  fatal  error  to  write  down 
assets  below  their  legitimate  investment  cost  where  we  are 
subject  to  the  opinions  and  control  of  those  who  have  had 
insufficient  practical  experience.  It  may  be  easy  to  under- 
stand that  the  public,  in  the  persons  of  the  consumers,  are 
willing  to  take  sometfatt^  for  nothing,  but  this'^does  not 
prove  that  the  investor  can  rightfully  be  required  to  accede 
to  such  a  demand;  and  if  he  is  so  treated  he  will  in  future 
be  slow  to  furnish  capital  for  new  public  service  undertak- 
ings or  for  the  further  development  of  those  already  in  opera- 
tion. 

Not  only  does  this  unscientific  and  haphazard  method  of 
"writing  down"  of  assets  work  a  direct  injury  to  the  stock- 
holders of  the  company  involved,  but  it  works  an  indirect, 
but  very  potent,  injury  to  the  industry  as  a  whole  by  fur- 
nishing opportunities  to  the  adroit  and  unscrupulous  statis- 
ticians to  make  comparisons  which  appear  convincing  on 
their  face  but  which  have  no  value  when  analyzed.  Unfortu- 
nately many  such  comparisons  are  accepted  on  their  face  in  the 
absence  of  competent  analysis.  Here  we  must  not  forget  that 
the  public  and  the  irresponsible  politicians  are  on  the  watch 
for  high  rates  of  dividends,  without  regard  to  the  relation  be- 
tween total  legitimate  investment  and  total  face  value  of 
bonds  and  stock. 
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It  may  create  some  surprise  if  I  make  the  statement,  as  I 
do,  that  not  a  few  of  our  well-established  steam  railroads 
liave  so  maintained  and  so  extended  and  bettered  their  plants 
from  income  that  they  could  not  now  pay  5  per  cent,  an- 
nually on  the  reproduction  cost  of  their  physical  assets  alone. 
I  believe  this  would  be  true  of  our  railroads  taken  as  a 
whole.  Or  we  can  say  that  the  total  par  value  of  the  stocks 
and  bonds  of  all  our  railroads  does  not  equal  the  cost  to 
reproduce  their  physical  assets.  It  is  not  unlikely  that  this 
statement  will  be  received,  even  in  certain  quarters  in  the 
United  States,  with  doubt  and  perhaps  derision.  But  I  ven- 
ture to  believe  that  some  of  our  public  service  commissioners, 
those  competent,  fair,  and  courageous,-  who  might  have 
laughed  at  this  statement  a  few  years  ago,  would  now,  as  the 
result  of  their  experiences,  be  willing  to  lend  it  thdr  sup- 
port. 

In  our  gas  and  electric  rate-fixing  cases — in  the  first  in- 
stance generally  tried  before  the  State  Public  Service  Com- 
missions— we  are  called  upon  to  meet  commission  and  court 
decisions  which  are  far  from  being  consistent.  In  general,  the 
service  rate  of  charge  must  be  one  which  allows  of  a  "fair 
return"  (whatever  that  may  mean)  upon  the  "value"  (what- 
ever that  may  mean)  of  the  property  "usefully  employed." 
Perhaps  the  one  element  which  is  included  in  all  decisions  is 
the  appraised  value  of  the  plant.  Some  courts  have  defined 
this  as  the  cost  to  reproduce  new,  less  "depreciation,"  This 
is  the  dictum  which  the  public  service  corporations  are  most 
generally  called  upon  to  face. 

Many  questions  are  here  introduced  as  to  what  constitutes 
the  reproduction  cost.  Shall  the  unit  prices  be  those  quoted 
at  the  time  of  makii^  the  appraisal?  As  this  might  work 
for  or  against  the  corporation  under  fire,  it  is  sometimes 
suggested  that  the  average  prices  for  the  last  five  or  more 
years  should  be  used.  Here  there  is  a  fine  field  for  ail- 
ment, and  especially  on  the  part  of  the  experts,  lawyers,  and 
others  opposed  to  the  public  service  corporations.    A  prolific 
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source  of  debate  is  the  question  of  pavements  over  mains. 
If  the  mains  were  laid  before  the  pavements,  should  the 
company  claim  the  cost  of  pavements  as  adding  to  the  cost 
to  reproduce  new?  If  the  company  were  selling  its  prop- 
erty, whether  the  pavements  were  laid  before  or  after  the 
pipes,  the  price  would  be  enhanced  by  reason  of  the  mains 
being  under  pavement 

Some  commissions  and  courts  include  the  value  for  sale 
of  the  property  as  a  whole  as  an  element  for  consideration. 
Others  like  the  California  Commission,  exclude  this  element 
from  consideration  in  a  rate-fixing  case.  To  be  on  the  safe 
side  the  companies  must  be  prepared  to  meet  any  and  every 
contention  which  has  received  any  measure  of  approval  at 
the  hands  of  any  commission  or  court,  no  matter  how  incon- 
sistent these  several  contentions  may  be  when  introduced  in 
the  same  case.  The  company  may  have  to  face  a  selection 
of  all  the  elements  least  favorable  to  its  case,  irrespective 
of  consistency.  The  opinion  of  the  Massachusetts  Commis- 
sion in  the  Attleboro  case,  recently  decided  and  previously 
referred  to,  is  notable  for  its  inconsistencies. 

There  are  other  items  to  be  considered  in  the  making  of 
an  appraisal  which  are  prolific  sources  of  disagreement, 
either  as  to  their  admission  or  as  to  their  measure,  such  as 
preliminary  expenses,  interest  and  taxes  during  construction, 
omissions  and  contingencies,  engineering,  organization  dur- 
ing construction,  insurance,  compensation  of  general  con- 
tractor (including  his  expenses),  "going  value,"  etc.  For- 
tunately there  is  a  fairer  disposition  now  in  evidence  as  to 
the  admission  of  these  "overhead  charges,"  though  there  is 
still  ample  room  for  improvement  in  the  interest  of  justice 
to  the  investor.  The  Public  Service  Commission  of  the  Second 
District  of  New  York  has  done  more  than  its  share  in  de- 
veloping sane  and  fair  methods  in  these  and  other  connections. 
The  Wisconsin  Commission  also  has  shown  a  disposition  to 
be  fair  and  independent  in  its  statements  of  principles,  though 
it  has  not  always  been  keen  to  be  guided  by  the  principles  so 
enunciated. 
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It  is  not  my  present  purpose  to  discuss  at  length  these  and 
other  items  which  we  have  to  consider  in  our  rate-ibdng 
cases.  I  may  say,  however,  that  these  items,  of  which  depre- 
ciation is  one  of  the  most  important,  if  not  the  most  impor- 
tant all  things  considered,  are  to-day  questions  of  vital  im- 
portance to  many  of  our  public  service  companies.  I  have 
referred  to  these  matters  in  the  effort  to  disclose  the  atmos- 
phere in  which  we  have  to  fight  for  justice. 

The  subject  of  "depreciation,"  as  connected  with  the  mak- 
ing of  appraisals  for  rate-fixing  cases,  has  been  greatly  com- 
plicated by  being  involved  with  the  estimates  made  to  cover 
each  year's  share  of  the  cost  of  final  renewal  or  replacement 
of  plant ;  this  to  be  included  as  one  of  the  year's  items  of  cost 
of  operation.  This  estimate  is  made,  and  the  annual  debit 
to  loss  and  gain  and  credit  to  a  reserve  account  are  made, 
solely  for  the  purpose  of  spreading  more  evenly  over  the 
years  of  the  plant's  service  the  cost  of  that  portion  of  main- 
tenance which  is  not  covered  by  current  expenditures  for 
repairs  and  minor  renewals.  This  estimate  of  final  renewals 
is  supposed  to  include  the  elements  of  physical  decay,  obsoles- 
cence, and  inadequacy. 

Unfortunately,  as  I  think,  we  have  not  infrequently  in- 
cluded in  this  estimate  some  reserve  for  extraordinary 
hazards  outside  of  final  renewals.  This  introduces  an  un- 
necessary complication,  particularly  when  it  is  claimed  that 
the  plant  has  depreciated  to  an  amount  represented  by  the 
balance  to  the  credit  of  this  dq)reciation  reserve.  By  segre- 
gating the  charge  for  final  renewals  from  contingencies  and 
hazards,  we  would  be  in  a  position  to  support  more  effec- 
tively our  three  claims — namely,  the  inclusion  of  an  annual 
cost  charge  to  cover  final  renewals;  the  inclusion  of  a  rea- 
sonable charge  for  the  creation  of  a  limited  reserve  for 
contingencies  and  hazards;  and  the  exclusion  of  a  depre- 
ciation' deduction  from  our  plant  appraisals  in  rate-fixing 
cases. 

We  will  assume  that  the  estimate  of  the  annual  cost  of 
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iinal  renewals  of  the  several  parts  of  plant  is  made  on  the 
basis  of  a  compound  interest  sinking-fund.  The  total  amount 
required  each  year  to  be  charged  to  loss  and  gain  and  cred- 
ited to  reserve  will  be  made  up  of  several  amounts  required 
to  replace  the  several  parts  of  plant  at  the  end  of  the  several 
expectations -of- life  which  we,  in  our  wisdom  or  unwisdom, 
assign  to  each  part  of  the  plant.  These  parts  will  be  grouped 
together  according  to  the  assigned  expectation-of-life.  The 
amount  annually  required  for  each  group  will  be  the  sum 
which,  accumulating  at  compound  interest  for  the  years  as- 
signed, will  equal  the  cost  of  the  plant — or  the  cost  less  such 
amount  as  we  believe  we  can  recover  in  disposing  of  the  dis- 
placed parts  of  plant. 

It  is  thus  seen  that  the  total  amount  credited  to  reserve 
each  year  is  the  sum  of  the  amounts  required  for  the  several 
sinking-funds;  the  number  of  such  sinking-funds  being  the 
number  of  different  lengths  of  life  we  have  assigned  to  the 
several  parts  of  plant.  This  bringing  together  of  the  amounts 
required  by  these  several  sinking-funds  is  convenient  in  our 
accounting;  but  it  has  led  to  further  complication  by  bring- 
ing into  the  problem  the  so-called  "average  life"  of  the  plant. 
The  use  of  this  term  is  constantly  creating  the  impression 
that  the  plant  lives  to  the  term  set  by  the  average  life  and  then 
has  to  be  renewed  as  a  whole.  Nothing  could  be  farther  from 
the  truth. 

To  show  that  in  a  sinking-fund  scheme  there  is  no  length 
of  time  which  is  mathematically  the  average-life,  it  can  be 
pointed  out  that  this  term  will  vary  in  length  with  the  rate 
of  interest  by  which  the  fund  compounds.  For  instance,  I 
have  before  me  a  very  simple  expectation-of-life  table  in 
which  there  are  assumed  only  five  groups  of  parts  of  plant 
as  follows:  Group  "A,"  lo  years,  $25,000;  Group  "B,"  15 
years,  $50,000;  Group  "C,"  25  years,  $100,000;  Group  "D," 
35  years,  $150,000;  and  Group  "E,"  50  years,  $175,000; 
total,  $500,000.  The  true  average-life  found  by  dividing  in 
each  case  the  cost  by  the  expectation-of-life  is  28.378  years; 
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whereas  the  so-called  "average-life"  for  a  2  per  cent,  sinking- 
fund  would  be  28.2  years;  for  a  4  per  cent,  sinking-fund, 
27.73  years;  and  for  a  6  per  cent,  sinking-fund,  27.05  years. 
To  emphasize  the  point  that  this  average-life  should  not 
be  allowed  to  misguide  us,  and  further  that  the  sinking-fund 
is  in  fact  a  collection  of  sinking-funds,  it  may  well  be  noted 
that  in  the  life-table  above  given  the  several  groups  of  plant 
will  be  renewed  within  the  fifty  years  which  completes  the 
cycle,  as  follows :  Group  "A,"  5  times ;  Group  "B,"  3  1-3 
times;  Group  "C,"  2  times;  Group  "D,"  1  3-7  times;  and 
Group  "E,"  I  time.  Here  it  can  be  seen  that  while  the  term 
average-life  may  be  convenient  for  use  by  those  who  under- 
stand the  subject,  it  may  readily  lead  into  error  those  who 
have  that  little  knowledge  which  is  so  dangerous. 

This  brings  me  to  three  points  which  must  be  kept  con- 
stantly in  mind  in  connection  with  the  study  of  the  problems 
in  depreciation : 

I, — The  depreciation  reserve,  or,  more  correctly,  reserve 
for  final  renewals,  is  set  up  for  the  purpose  of 
spreading  the  cost  of  final  renewals  of  parts  of 
plant  as  uniformly  as  possible  over  the  periods 
during  which  the  several  parts  are  expected  to 
render  effective  service;  thus  obviating  unneces- 
sary fluctuations  in  cost  of  operating,  and  so 
making  it  more  practicable  to  keep  the  rates  of 
dividends  as  uniform  as  possible. 
2. — The  amount  to  be  so  charged  annually  to  loss  and 
gain  and  credited  to  reserve  is  based  upon  an  esti- 
mate or  assumption  of  the  effective  life  of  each 
part  of  the  plant,  considering  the  elements  of  phys- 
ical decay,  obsolescence,  and  inadequacy.  There 
is  here  the  opportunity  for  the  exercise  of  the 
highest  judgment,  rcct^nizing  the  difference  be- 
tween hypothesis  and  theory  and  keeping  in  mind 
all  the  limitations  of  practice.  To  cover  the  ele- 
ment of  obsolescence,  we  must  know  the  present 
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state  of  the  art  and  prophesy  as  to  the  future.  As 
to  inadequacy,  we  must  estimate  as  to  the  future 
increases  in  demand  for  service.  As  to  physical 
decay,  we  are  limited  as  to  the  future  by  the  char- 
acter of  the  management,  over  which  we  may 
have  no  control.  Necessarily,  then,  this  estimate 
is  subject  to  correction.  It  must  be  based  upon 
certain  assumptions ;  and  these  assumptions  as  to 
design,  construction,  operation,  and  accounting, 
must  control  so  long  as  the  estimate  goes  uncor- 
rected. This  should  mean  that  the  estimate  must 
constantly  be  open  to  correction  as  additional 
general  and  specific  experience  is  gained.  It  should 
also  follow  that  no  tables  of  averages  are  applica- 
ble to  any  specific  case. 
3. — The  loss  will  not  have  to  be  met  until  the  replace- 
ment actually  is  made.  It  is  an  accruing  liability 
against  an  obligation  not  yet  due.  Hence,  if  we 
take  out  the  year's  share  of  the  accruing  liability, 
as  the  payment  is  not  yet  due,  the  fund  should 
receive  the  benefit  of  interest  accumulations  until 
the  time  for  payment  arrives.  So  far  as  the  plant's 
capacity  for  rendering  efficient  service  to  the  buyer 
of  service  is  concerned,  it  by  no  means  follows  that 
the  plant  has  depreciated  to  the  extent  of  the  bal- 
ance to  the  credit  of  the  reserve,  and  that  this 
amount,  or  any  amount,  should  be  deducted  from 
the  appraised  cost  to  reproduce  the  plant  new.  On 
the  contrary,  the  fact  that  such  a  renewal  reserve 
is  being  maintained  is  the  strongest  argument  that 
all  that  is  possible  is  being  done  to  provide  against 
impairment  of  investment  and  impairment  of  ser- 
vice efficiency. 

The  liability  to  renew  or  replace  the  plant  rests 
upon  the  proprietors ;  and  here  is  the  best  indica- 
tion that  this  liability  is  recc^ized  and  provided 
for. 


D.gnzed  by  Google 


5>8 

Let  us  now  consider  a  case  of  appraisal  of  plant  fpr  rate- 
tixing.  We  will  assume  that  the  plant  is  being  maintained 
in  efficient  condition  through  repairs  and  minor  renewals 
paid  for  from  current  income;  that  final  renewals  are  being 
made  as  required  and  the  cost  debited  to  the  final  renewal 
reserve;  and  that  we  are  debiting  each  year  to  loss  and  gain 
and  crediting  to  final  renewal  reserve  the  amount  indicated 
by  the  estimate  based  upon  the  expectation-of-life  of  the 
several  groups  of  plant.  Of  course,  it  is  to  be  understood 
that  where  reserve  is  credited  on  account  of  liability  for 
future  renewals,  when  those  renewals  are  made  the  expendi- 
tures therefor  should  be  charged  against  reserve  and  not 
against  the  year's  operating  expense.  I  emphasize  this  point 
because  some  have  been  misled  by  thinking  that  we  purpose 
to  build  up  the  reserve  indefinitely. 

Now  let  us  further  assume  that  the  appraisal  of  plant  for 
rate-fixing  is  in  continuous  operation,  and  that  depreciation 
is  to  be  deducted  as  indicated  by  our  table  of  expectations- 
of-life  for  the  several  parts  of  plant,  and  as  advocated,  un- 
fortunately, by  some  commissions  and  courts,  and  not  always 
opposed  by  those  responsible  for  the  protection  of  invest- 
ments. The  result  would  be  the  eventual  elimination  of  all 
the  investment  in  plant.  For  as  each  life  group  of  plant 
reached  the  age  at  which  the  tables  declared  it  was  to  be 
renewed  or  replaced,  the  deduction  for  "accrued  deprecia- 
tion" would  equal  the  original  cost.  So  as  each  group  of 
parts  of  plant  came  to  the  time  for  renewal  or  replacement, 
that  portion  of  the  investment  would  be  deducted  from  the 
plant  appraisal,  and  there  would  be  no  provision  for  re- 
establishing the  assets,  because  expenditures  for  repairs,  re- 
newals, or  replacement  cannot,  as  a  general  proposition,  be 
capitalized. 

I  say  here  "as  a  general  proposition."  I  leave  the  way 
open  for  exceptional  cases,  such  as  the  rapid  and  abnormal 
obsolescence  experienced  in  the  development  of  the  electric 
lighting  and  electric  railway  industries.     Here  the  allowed 
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rates  of  charge  for  service  were  not  sufficient  to  pay  a  "fair 
return"  on  the  investment  and  maintain  the  integrity  of  the 
investment.  To  require  the  proprietors  to  meet  the  total  re- 
newal charge  in  such  a  case  would  spell  confiscation. 

Now  let  us  consider  specifically  certain  questions  which 
are  raised  in  our  rate-fixing  cases,  and  which  trouble  even 
some  of  the  lawyers  and  experts  appearing  for  the  companies. 

Question  No.  i :  If  you  are  not  willing  to  deduct  for  "de- 
preciation" in  your  appraisals  of  plant,  why  do  you  claim  the 
right  to  include  an  item  for  "depreciation"  in  the  cost  of  gas  ? 

Answer:  The  income  from  the  operation  of  the  property 
should  first  pay  all  items  of  operating  cost,  including  admin- 
istrative charges,  taxes,  and  the  maintenance  of  the  integrity 
of  original  and  supplementary  investment.  The  cost  of  the 
final  renewals  or  replacements  of  plant,  as  well  as  the  repairs 
and  minor  renewals  currently  made,  must,  then,  be  paid  for 
from  income.  This  means  that  the  cost  of  final  renewals — 
or  what  is  usually  called  estimated,  accrued,  or  theoretical  de- 
preciation— is  an  item  to  be  included  first  or  last  in  the  cost 
of  gas. 

As  the  cost  of  final  renewals  does  not  generally  fall  evenly 
on  the  succeeding  years,  we  may  estimate  the  cost  thereof 
&nd  divide  it  evenly  over  the  years  involved.  Unless  this  is 
done,  the  cost  for  the  year  or  years  under  examination  may 
be  below  the  average,  by  reason  of  the  non-inclusion  of  the 
year's  proportion  of  cost  of  final  renewals  and  replacements. 
Or,  it  might  happen,  if  there  had  been  expenditures  for  final 
renewals  or  replacements  far  above  the  average,  that  the 
cost  of  gas  might  be  tmdtdy  high.  In  either  case,  the  rate  of 
charge  would  be  based  upon  an  incorrect  statement  of  aver- 
age cost.  This  serves  to  explain  why  some  companies  are 
now  properly  including  in  their  statements  of  cost  an  item 
to  cover  the  cost  of  final  renewals,  although  they  did  not 
include  such  an  item  before  the  days  of  rate  regulation.  The 
mere  fact  that  the  effort  is  made  to  spread  this  item  of  cost 
over  the  years  involved  is  no  argument  one  way  or  the  other 
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for  a  deduction  for  depreciation  in  the  case  of  a  plant  which  is 
being  properly  maintained  and  is  rendering  efficient  service. 
This  is  a  legitimate  item  of  cost ;  and  the  item  being  acknow- 
ledged as  a  charge  against  income,  the  liability  rests  against 
the  proprietors,  whether  or  not  a  reserve  is  established,  to 
meet  this  liability. 

This  point  is  well  made  in  a  brief  on  this  subject  submitted 
by  Charles  F,  Mathewson,  of  the  New  York  Bar,  in  the  case 
of  King's  County  Lighting  Company  vs.  The  Public  Service 
Commission  for  the  First  District  of  New  York.  Mr. 
Mathewson  was  the  trial  lawyer  for  the  company  in  the  cele- 
brated New  York  Consolidated  Gas  Company  case.  The 
brief  now  quoted  from  considers  this  question  chiefly  from 
the  legal  standpoint.  It  is  the  most  logical  paper  on  this  sub- 
ject I  have  ever  read,    Mr.  Mathewson  says : 

The  proposition  [to  deduct  "accrued  depreciation"  in  valuing 
plants  in  rate-making]  is  so  absurd  on  its  face  that  it  hardly 
needs  discussion  to  show  its  fallacy.  Why,  aside  from  the  ques- 
tion of  "confiscation,"  should  consumers,  for  exactly  the  same 
service,  equally  efficiently  rendered,  expect  to  pay  less  in  the  sixth 
year  than  in  the  first  year,  merely  because  some  items  of  plant 
will  (viewed  at  the  sixth  year)  require  replacement  at  a  date 
in  the  future  then  nearer  than  such  date  was  at  the  beginning 
of  operation  ?  As  well  might  it  be  claimed,  to  repeat  a 
homely  illustration,  that  a  farmer  should  regulate  the  price  of 
the  eggs  which  he  sells,  by  the  age  of  the  hen  which  lays  them — 
reducing  the  price  of  the  product  as  the  hen  gets  on  in  years. 
The  reason  he  does  not  is  that  the  service  efficiency  and  operat- 
ing  value  of  the  hen,  as  evidenced  by  the  quality  of  the  egg^ 
which  she  lays,  are  not  impaired  by  the  fact  that  her  life  is 
advancing.  That  advancement  may  concern  the  farmer  and 
possibly  concerns  the  hen;  but  it  in  no  manner  affects  the  value 
of  the  eggs  to  the  consumer,  or  justifies  him  in  demanding 
them  at  a  lower  price  than  he  paid  at  an  earlier  period  of  her 
life.  The  consumer  of  the  eggs  must  expect  to  pay  a  sufficient 
price  to  afford  a  return  to  the  farmer  on  his  total  investment 
in  the  hen  during  her  life,  plus  enough  more  to  enable  the  farmer 
on  her  death  to  replace  her  and  thus  keep  his  Investment  un- 
impaired. A  farmer  could  hardly  be  expected  to  invest  in  hens 
for  the  purpose  of  supplying  the  public  with  eggs,  if  for  a  por- 
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tioa  of  their  life  he  was  to  receive  a  return  on  only  a  third 
or  a  half  of  his  investment;  and  any  auch  rule  would  simply 
compel  the  public  to  go  without  eggs  until  the  regulating  power 
(if  such  there  were)  saw  fit  to  revise  its  reasoning.  There 
is  absolutely  no  difference  in  the  economic  principles  applicable 
to  the  operation  of  a  gas  plant  and  the  operation  of  a  hen- 
nery, so  far  as  concerns  right  to  return  on  capital;  and  what 
is  absurd  in  one  case  is  equally  absurd  in  the  other.  The  fact 
that  the  rate  of  return  in  the  one  case  is  subject  to  reasonable 
regulation,  and  not  in  the  other  case,  has  no  bearing  on  the 
nmin  proposition. 

This  question  can  be  further  answered  by  the  statement 
that,  if  the  final  renewals  were  so  evenly  distributed  over  the 
years  as  to  make  a  practically  uniform  annual  charge,  there 
would  be  no  occasion  for  a  renewal  reserve,  and  there  would 
be  no  occasion  for  raising  this  question.  For  instance,  sup- 
pose we  bring  into  the  shop  for  testii^  and  repairing  such 
a  number  of  consumers'  meters  that  the  whole  number  in 
service  is  completely  overhauled  in  sequence  every  five  years. 
Each  meter  is  examined,  cleaned,  parts  repaired  or  renewed 
as  found  necessary,  or  condemned  and  replaced  by  a  new 
meter.  The  cost  of  all  this  work,  including  the  new  meters 
to  replace  those  condemned,  is  charged  each  year  into  the 
cost  of  distribution,  and  so  into  loss  and  gain. 

Here  there  would  be  no  need  for  any  additional  item  to 
be  included  in  operating  cost  to  cover  final  renewals  of  this 
portion  of  the  plant.  The  cost  of  maintenance  and  final 
renewals  would  thus  be  more  accurately  distributed  over 
the  years  than  by  means  of  any  estimate  based  upon  expec- 
tation-of-life.  Furthermore,  the  plant  would  so  be  main- 
tained to  the  highest  possible  degree  of  service  efficiency. 
Certain  experts  of  reputation  have,  unfortunately,  taken  the 
position  with  regard  to  plant  so  maintained  by  approximately 
uniform  renewals  that  depreciation  should  be  deducted  from 
the  appraised  cost  to  reproduce  new. 

As  further  examples  we  may  consider  the  ties  of  a  rail- 
road or  the  poles  of  a  telegraph  company.  The  assumption 
has  been  made  that  these  would  have  a  ten-years  life,  and 
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.  that  one-tenth  of  the  total  number  would  be  replaced  each 
year.  Then  it  has  been  assumed  that  the  average  age  of  these 
ties  or  poles  will  be  five  years,  and  so  there  is  a  50  per  cent, 
depredation  which,  in  a  rate-fixing  case,  must  be  deducted 
from  the  cost  to  reproduce  the  plant  new.  As  a  question  of 
averages,  the  statement  may  be  correct.  As  a  basis  for  de- 
ducting 50  per  cent,  from  the  investment  in  this  portion  of 
the  plant,  it  is  without  the  slightest  warrant  in  equity  or 
common  sense.  This  procedure  deprives  the  investor  of  re- 
turn upon  one-half  of  his  investment  in  this  portion  of  the 
plant,  and  so  works  confiscation.  And  this  though  the  utmost 
that  can  be  done  is  being  done  to  maintain  the  service  efficiency 
of  the  plant!  And  the  service  efficiency  is  the  only  feature 
in  this  connection  in  which  the  buyer  of  service  has  any  just 
claim  for  consideration.  A  certain  authority  has  recently 
stated  that  a  railroad  soon  after  being  put  into  operation  will 
suffer  a  depreciation  of  15  per  cent,  and  thereafter  it  can  be 
maintained  at  85  per  cent,  of  its  original  cost  by  adequate 
current  expenditure  for  maintenance. 

In  each  of  these  cases,  if  there  is  of  necessity  a  deduction 
to  be  made  from  the  original  cost  to  cover  "depreciation,"  a 
deduction  which  cannot  be  avoided  by  entirely  adequate 
expenditures  for  replacements,  then  an  amount  eqtuil  to  the 
deduction  for  depreciation  should  be  added  to  the  appraisal 
as  one  of  the  necessary  items  of  cost,  on  the  same  basis  as 
interest  during  construction  and  the  many  other  items  other 
than  materia]  and  labor  as  already  mentioned.  Certainly 
there  is  no  reason,  under  these  circumstances,  including  the 
maintenance  of  service  efficiency,  why  the  investor  should 
submit  to  any  such  wholesale  confiscation  or  to  any  confisca- 
tion, however  small. 

It  may  happen  that  the  whole  question  of  "depreciation" 
may  be  cared  for  by  the  approximately  uniform  annual  ex- 
penditures for  final  renewals.  This  condition  is  not  infre- 
quently to  be  found  in  the  case  of  properties  which  are 
scattered  over  a  number  of  locations,  or  have  been  built  at 
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different  times  widely  apart.  We  have  such  cases  in  the 
United  States,  and  I  have  no  doubt  there  are  many  in  Great 
Britain. 

Question  No.  2:  Having  established  a  sinking-fund  to 
cover  accruing  and  accrued  depreciation  (iinal  renewals), 
why,  in  a  rate-making  case,  should  you  not  deduct  corre- 
spondingly from  the  reproduction  cost  (new)  of  plant? 

Answer:  Practically  this  is  question  No.  i  turned  around; 
but  it  approaches  the  difficulty  from  another  point  of  view. 

It  has  already  been  shown  that  the  final  renewal  sinking- 
fund  is  established  to  spread  more  uniformly  over  the  life 
of  the  plant  the  cost  of  final  renewals  of  the  several  parts 
of  the  plant.  The  establishing  of  the  fund  indicates  a  defi- 
nite purpose  to  maintain  the  plant  from  income,  and  hence 
shows  that  there  is  no  occasion  to  depreciate  the  investment 
in  plant.  This  fund,  whether  invested  in  securities  or  addi- 
tions to  plant,  claims  its  own  earnings  or  interest  accumula- 
tions to  complete  the  amount  required  for  renewals.  Hence 
its  earnings  are  appropriated  in  advance  as  a  charge  against 
income,  and  the  fund  cannot  be  taken  as  an  offset  to  deprecia- 
tion. If  depreciation  were  deducted,  the  earnings  from  this 
portion  of  the  investment  indicated  by  the  depreciation  de- 
duction would  be  eliminated,  and  so  the  investment  to  that 
extent  would  be  confiscated. 

Question  No.  3:  If  plant  extensions  have  been  made  from 
the  accumulations  in  the  final  renewal  sinking-fund,  why 
should  these  additions  to  plant  be  included  in  the  inventory 
of  plant  to  be  appraised  for  a  rate-makii^  case,  and  why 
should  these  extensions  not  be  treated  as  duplications  of  cap- 
ital investment? 

Answer:  This  a  special  case  under  question  No.  2.  When 
the  "depreciation"  sinking-fund  is  drawn  upon  to  pay  for 
extensions  or  betterments,  the  amount  is  loaned  from  the 
credit  balance  of  "depreciation"  reserve,  which  balance  is 
the  accumulation  remaining  after  the  payments  for  the  final 
renewals  which  have  been  made  against  the  reserve.  Here 
it  is  to  be  remembered  that  this  reserve  is  beii^'  added  to 
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annually  by  the  charges  to  operating  cost  and  interest  on 
accumulations,  and  is  being  reduced  from  time  to  time  as  the 
parts  of  plant  included  in  the  expectation-of-life  table  come 
to  be  renewed  or  replaced. 

Then  all  parts  of  plant  which  appear  in  the  inventory  or 
appraisal  as  having  been  paid  for  from  the  depreciation 
reserve  fall  in  one  of  two  classes: 

(i)  Parts  which  have  been  installed  as  renewals  or  re- 
placements, and  are,  therefore,  in  place  of  parts  represented 
in  the  original  investment,  and  hence  to  be  included  in  the 
inventory  as   such. 

(2)  Parts  of  plant  which  have  been  installed  as  exten- 
sions or  betterments,  and  which  have  been  paid  for  by 
money  borrowed  from  the  depreciation  reserve.  These  parts 
should,  therefore,  be  included  in  the  inventory  and  appraisal 
because  they  are  not  a  duplication  of  investment,  but  repre- 
sent additional  investment. 

As  has  been  shown,  the  balance  to  depreciation  reserve 
should  be  credited  each  year  with  interest  at  the  rate  agreed 
upon.  The  money  so  borrowed  has  to  be  returned  when 
required  for  final  renewals,  and  must  be  repaid  from  capital. 
In  the  meantime,  the  company  has  been  able  to  defer  the 
day  for  permanent  financing.  These  extensions  can  be  con- 
sidered as  capital  investments;  the  amounts  borrowed  from 
depreciation  reserve,  with  interest  thereon,  standing  as  a 
liability  against  the  proprietors.  In  this  connection,  the  point 
may  be  again  made  that,  whether  there  is  a  depreciation 
reserve  or  not,  the  liability  for  renewals  rests  against  the 
proprietors. 

As  to  whether  there  shall  be  a  depreciation  reserve  or 
not,  concerns  the  proprietors,  and  in  no  way  concerns  the 
public  or  the  consumer.  In  any  case,  the  cost  of  final  renew- 
als must  be  paid  from  income;  and  it  can  work  no  hardship 
to  divide  this  cost  as  uniformly  as  possible  over  the  years 
of  service.  This  could  be  done  by  estimating  the  cost  per 
1,000  cubic  feet  without  necessarily  making  any  journal  en- 
tries.    The  journal  entries,  and  all  that  follows,  are  simply 


D.gnzed  by  Google 


525 

steps  in  accounting  which  make  for  greater  accuracy  and 
pennit  at  any  time  the  regulating  authority  to  check  up  the 
methods  pursued.  If  the  plant  is  not  so  maintained  as  to 
give  efficient  service,  either  by  failure  to  make  repairs  and 
minor  renewals  from  current  income,  or  later  to  make  final 
renewals,  the  liability  rests  upon  the  proprietors,  and  can  be 
enforced  by  the  regulating  authority. 

If  the  deductions  were  made  from  the  appraisal  of  plant 
to  cover  neglected  repairs  or  renewals,  and  then  the  de- 
ficiencies, under  the  orders  of  the  commission,  were  made 
good,  the  investment  would  remain  impaired,  and  so  there 
would  be  confiscation.  If  the  price  were  fixed  on  the  basis 
of  this  valuation,  so  reduced  by  depreciation  deduction,  then 
the  price  so  reduced  would  not  be  sufficient  to  give  a  fair 
return  upon  the  entire  necessary  investment.  If  extensions 
to  plant  were  made  after  this  reduction  in  price,  the  price  then 
could  not  afford  a  fair  return  upon  this  undepreciated  addi- 
tional investment.  The  final  outcome  would  be,  if  this  con- 
fiscatory procedure  were  continued,  that  the  plants  so  affected 
would  not  be  extended,  and  the  public  to  be  served  would 
suffer.  If  it  is  claimed  that  the  rate  of  charge  would  be 
increased  to  meet  this  restoration  of  the  plant,  the  answer 
is  that  it  is  much  easier  to  reduce  than  to  increase  a  price,  and 
especially  so  as  to  the  service  rendered  by  a  public  service 
corporation. 

As  a  certain  member  of  one  of  our  most  influential  com- 
missions said  recently  in  this  connection :  "We  are  repre- 
sentatives of  the  people."  It  might  be  suggested  that,  as 
our  public  service  corporations  are  largely  owned  by  the 
small  investors,  either  directly  or  through  banking  agencies, 
the  commissions,  if  they  are  to  protect  all  the  people,  should 
be  encouraged  to  act  impartially  between  the  sellers  and  the 
buyers  of  service. 

Our  confidence  as  to  the  future  is  increased  by  the  knowl- 
edge that  some  of  our  commissioners  are  strong  enough  and 
fair  enough  to  take  this  position ;  and  the  number  is  increas- 
ing.   One  notable  case  can  be  referred  to,  of  a  man  who  went 
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into  office  avowedly  opposed  to  public  service  corporations, 
believing  them  to  be  what  the  interested  politicians  accused 
them  of  being,  but  at  the  end  of  his  five  years  of  very  active 
service,  publicly  declared  that  he  had  found  greater  fairness, 
candor,  and  honesty  with  the  corporations'  representatives  than 
with  the  representatives  of  the  people. 

Question  No.  4:  In  the  making  of  plant  appraisals  for 
any  purpose,  should  present  actual  depreciation  be  measured 
by  reference  to  tables  of  expectation-of-life  prepared  for 
estimating  accruing  liability  for  final  renewals,  together  with 
the  ascertained  present  age  of  the  plant? 

Answer:  If  what  I  have  so  far  said  is  conceded,  it  follows 
that  the  accrued  liability  referred  to  cannot  be  ascertained 
by  reference  to  tables  of  averages  computed  from  the  study 
of  plants  dissimilar  in  many  ways.  Such  an  estimate  of 
accrued  liability,  to  support  any  claim  to  accuracy,  must  be 
based  upon  a  careful  and  competent  study,  preferably  extend- 
ed through  years  of  the  plant  under  examination. 

If,  then,  we  wish  to  know  the  condition  of  plant  at  any 
time,  why  refer  to  such  tables?  Why  not  examine  the  plant 
itself,  having  in  mind  its  condition  as  to  physical  decay,  ob- 
solescence, and  inadequacy  ?  Certainly,  if  we  desired  to  learn 
the  cost  of  an  elaborate  structure,  we  would  not  consult  the 
preliminary  estimates  of  the  architects  when  we  could  have 
access  to  the  treasurer's  final  and  complete  records. 

Were  it  not  for  the  fact  that  many  prominent  engineers 
are  followii^  the  practice  of  using  so-called  standard  tables 
in  estimating  present  depreciation,  deducting  in  proportion 
to  the  age  of  the  plant,  I  should  not  think  it  necessary  to 
treat  this  question  seriously.  This  method,  reduced  to  its 
simplest  terms,  is  something  as  follows :  A  plant  is  assiuned 
to  have  an  average  life  of  fifty  years.  The  average  age  is 
found  or  assumed  to  be  twenty-five  years.  Result,  depre- 
ciation 50  per  cent,  investment  impaired  50  per  cent. 

Perhaps  it  is  unnecessary  to  say  that  the  men  who  err  most 
radically  in  this  direction  are  book-men,  who  have  had  little 
or  no  practice  to  balance  their  faulty  or  incomplete  theories. 
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In  the  United  States,  the  professors  of  economics  and  statis- 
ticians are  much  in  evidence  at  present;  and  many  of  these 
men  are  striking  examples  of  the  "blind  leading  the  blind." 
The  recklessness  of  statement  indulged  in  by  some  of  these 
men,  depending  as  they  do  upon  the  reading  of  books,  often 
each  other's  books,  is  simply  appalling.  It  is  still  more  appal- 
ling when  we  reflect  that  not  a  few  of  these  men  are  teaching 
their  destructive  doctrines  to  the  young  men  attending  some 
of  our  prominent  colleges  and  tmiversities. 

To  determine  the  amount  of  actual  depreciation  of  a  plant 
presents  many  difficulties,  and  calls  for  superior  capacity 
founded  upon  scientific  attainments  and  broad  and  exact 
experience.  This  determination  may  be  required  in  con- 
nection with  a  change  in  ownership,  that  it  may  be  known 
what  expenditures,  in  addition  to  the  purchase  price,  are 
required  to  bring  the  plant  up  to  the  required  productive 
capacity  and  efficiency.  Or,  it  may  be  required  to  check  up 
the  accuracy  of  estimates  on  the  cost  of  maintenance,  includ- 
ing final  renewals.  Or,  it  may  be  required  by  a  public  service 
commission  to  test  the  justice  of  a  complaint  ~as  to  faulty 
service.  In  any  case,  the  facts  are  to  be  learned  by  expert 
examination  of  the  plant  itself,  having  in  mind  physical  decay, 
obsolescence,  and  inadequacy.  If  life-tables  arc  employed, 
they  should  be  used  with  the  utmost  caution,  and  then  only 
as  a  most  general  guide,  and  never  by  those  who  have  not  had 
adequate  experience  as  constructors  and  operators.  Perhaps 
the  greatest  danger  in  these  tables  is  that  they  encourage  those 
who  are  incompetent  to  think  they  are  competent. 

Question  Xo.  5  (a  question  recently  asked) :  Assume  a 
plant  that  has  cost  $100,000;  its  average  life,  40  years.  At 
the  end  of  the  first  year's  operation  there  has  been  charged 
to  loss  and  gain  $2,500  ( 100,000  ~-  40)  as  the  year's  propor- 
tion of  depreciation,  and  a  satisfactory  dividend  has  been 
earned  and  paid  to  the  shareholders.  Then,  as  the  share- 
holders have  received  a  satisfactory  return  on  their  $100,000 
invested  and  have  al''o  had  returned  to  them  $2,500  of  their 
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principal,  what  right  have  they  to  demand  a  return  next  year 
on  more  than  $97,503? 

Answer:  Like  many  of  the  questions  asked  by  the  cross- 
examiner,  this  question,  either  through  design  or  failure  to 
understand  the  principles  involved,  is  based  upon  faulty 
premises,  and  involves  an  unwarranted  assumption.  Assum- 
ing that  the  proposition  as  to  non-deduction  for  accrued  de- 
preciation is  accepted,  then  if  the  average  life  were  forty 
years,  $2,500  should  not  be  charged  to  loss  and  gain  to  cover 
the  year's  depreciation;  but  there  should  be  charged  such  a 
yearly  payment  only  as  through  the  operation  of  a  sinking-fund 
would  be  required  to  redeem  $100,000  at  the  end  of  forty 
years — and  this  for  the  purpose  of  renewing  or  replacing  the 
plant.  The  end  sought  is  so  to  maintain  the  plant  as  to  main- 
tain the  integrity  of  the  investment.  The  maintenance  of  the 
plant  includes  repairs,  minor  renewals,  and  final  renewals. 
In  this  particular  case,  the  amount  so  required  for  a  4  per  cent, 
sinking-fund  would  only  be  $1,050. 

Whether  or  not  $2,500  or  $1,050  has  been  charged  to  loss 
and  gain  against  income,  this  is  not  a  return  of  part  of  the 
investment,  because,  when  correctly  estimated  and  computed, 
it  is  part  of  the  cost  of  maintenance,  and  hence  a  charge 
against  cost,  quite  as  much  so  as  repairs  and  minor  renewals. 
[I  apologize  for  repeating  such  a  self-evident  proposition, 
but  it  seems  to  be  necessary.]  Again,  if  the  amount  charged 
is  $1,050,  as  it  should  be,  this  amount,  and  the  succeeding  pay- 
ments, must  be  invested  in  one  way  or  another  so  that  the 
earnings  or  interest  on  the  annual  payments  may  also  be  added 
to  the  fund  to  produce  the  required  $100,000.  When  we 
bear  in  mind  that  for  a  forty  years  amortization  at  4  per  cent. 
the  forty  annual  payments  only  aggregate  (1.05  X  40  =)  $42 
per  $roo,  and  the  interest  accumulations  have  to  produce  the 
required  remaining  $58,  perhaps  we  can  better  appreciate 
that  the  annual  renewal  reserve  payments  cannot  work  as 
earners  of  dividends  for  the  stockholders;  but  they  have  their 
separate  work  to  do  for  the  stockholders  in  earning  interest 
to  be  applied  to  the  protection  of  the  investment 


D.gnzed  by  Google 


529 

It  is  to  be  remembered  by  those  who  are  puzzled  by  ques- 
tion No.  5  that  the  $100,000  plant  must  continue  to  be  a 
$100,000  producer  of  service  year  by  year.  If  depreciated 
to  $90,000  at  the  end  of  the  fourth  year,  only  3  $90,000  ser- 
vice should  be  expected  then  from  its  operation;  at  the  end 
of  the  thirty-ninth  year,  only  3  $2,500  service  should  be  re- 
quired from  its  operation. 

Over  and  over  again  the  question  is  raised  in  one  form  or 
another:  If  the  consumer  has  been  charged  for  depreciation 
in  the  rates,  why  should  he  be  charged  again  through  failure 
to  deduct  for  depreciation?  The  depreciation,  or  cost  of 
final  renewals,  is  part  of  the  operating  cost ;  and  there  would 
be  just  as  much  reason  for  reducing  the  investment  because 
certain  amounts  have  been  charged  into  operating  cost  for 
coal,  wages,  salaries,  etc.,  as  there  would  be  for  reducing  the 
investment  in  plant  because  the  cost  of  maintenance  has  been 
included  as  part  of  that  cost. 

Finally,  nothing  that  I  have  said  as  to  the  determination 
of  actual  "depreciation"  is  to  be  taken  as  an  admission  that  in 
a  rate-fixing  case  any  deduction  should  be  made  from  the 
appraised  cost  to  reproduce  plant  new  to  cover  so-called 
accrued  depreciation,  or,  more  correctly  speaking,  the  accrued 
liability  against  the  stockholders  for  final  renewals  or  re- 
placements. This  is  a  liability  resting  against  the  proprietors; 
and  they  must  be  given  the  normal  opportunities  to  meet 
this  liability  without  in  the  meantime  sufferii^  confiscation 
of  investment  by  anticipation  of  the  dates  when  the  several 
payments  to  meet  this  liability  may  fall  due.  It  is  the  part 
of  wisdom  for  the  owners  of  properties  to  reserve  from  in- 
come all  that  may  be  required  to  preserve  intact  their  property 
investments;  but  this  establishes  no  reason  for  deductions 
for  depreciation  in  connection  with  rate-fixing. 

If,  however,  the  public  service  companies  are  to  be  re- 
quired by  the  commissions  and  courts  to  face  a  demand 
for  deduction  for  estimated  accrued  depreciation,  then  ordin- 
ary prudence  su^ests  that  there  should  be  charged  up  for 
such  depreciation  each  year  the  amount  found  by  dividing 
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the   cost   of   plant   by    the   estimated   average-life;    that   is, 
"straight  line  depreciation." 

Let  us  hope  that  the  Commissions  and  Courts  may  be 
convinced  of  the  justice  of  the  proposition  herein  presented, 
that  is,  estimated  depreciation  charged  on  the  sinking-fund 
basis,  and  then  no  deduction  from  appraised  value  for  depre- 
ciation so  accryed  on  effective  plant. 
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March  6,  1913- 
HoNORABLE  F.  W.  Stevens,  Chairman, 
Public  Service  Commission, 
Second  District, 

Albany,  New  York. 
Sir: 

On  December  8,  1909  your  Honorable  Commission  issued 
a  circular  to  corporations  engaged  in  furnishing  or  distrib- 
uting coat  gas,  water  gas  and  mixed  gas  within  your  juris- 
diction, and  appointed  February  i,  1910,  as  a  date  for  con- 
ference to  interchange  views  on  the  necessity  for  a  calorific 
standard  and  all  questions  necessary  and  incidental  thereto. 

On  February  i,  1910,  the  representatives  attending  ap- 
pointed a  committee  to  co-operate  with  the  Commission  in  the 
consideration  of  these  questions,  and  thereupon  your  Honor- 
able Commission  appointed  representatives  to  meet  with  this 
Committee.  After  a  preliminary  meeting  on  the  same  date, 
the  representatives  of  the  companies  and  of  the  Commission 
organized  as  a  "Joint  Committee  on  Calorimetry." 
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Since  that  date  the  investigation  of  this  subject  has  con- 
tinued and  the  history  of  the  work  and  matters  relating  thereto 
will  he  found  in  the  report  transmitted  herewith. 

In  accordance  with  our  instructions:  "If  there  is  anything 
in  your  conclusion  that  requires  the  action  of  this  Commission 
in  any  way,  we  shall  expect  that  it  shall  be  reported  to  us, 
and  we  will  take  it  into  consideration  as  to  whether  it  is  the 
proper  thing  for  the  Commission  to  do."  we  would  respect- 
fully direct  your  attention  to  paragraphs  12,  26.  35,  37  and  41, 
of  the  report  herewith. 
We  have  the  honor  to  hz. 

Very  respectfully  yours, 

W.  R,  Addicks,  Chairman, 
T.  R.  Beal, 
M.  J.  Brayton, 
H.  H.  Croweu-, 
J.  C.  De  Long, 
A.  H.  Elliott, 
J.  B.  Klumpp, 
C.  F.  Leonard, 
Wm.  McClellan, 
W.  T.  Morris, 
R.  M.  Searle, 
C.  H.  Stone, 
C.  H.  B.  CiiAPiN,  Secretary. 


D.gnzed  by  Google 


REPORT  OF  JOINT  COMMITTEE  ON 
CALORIMETRY. 

1.  The  first  commercial  distribution  of  artificial  gas  for  il- 
lumination was  in  open  luminous  flames  and  quite  naturally 
its  quality  was  stated  in  terms  of  the  most  convenient  unit  at 
hand — the  candle.  With  the  introduction  of  the  much  more 
efficient  mantle  burner,  and  the  increasing  use  of  heating  de- 
vices, the  heating  value  of  the  gas  became  important.  As  a 
result,  scientific  men  in  both  Europe  and  America  have  rec- 
i^niz^d  that  to  continue  the  use  of  the  candle  power  (illumin- 
ating) standard  was,  for  modern  conditions,  illc^ical  and 
unsatisfactory,  and  in  lieu  thereof  have  advocated  the  adoption 
of  a  heat  unit  standard.  More  than  four  years  ago  the  Public 
Service  Commission  of  the  Second  District  of  the  State  of 
New  York  noted  the  trend  of  development,  and  started  an 
investigation  of  the  actual  conditions  existing  throughout  the 
Second  District.  This  led  to  the  appointment  of  a  Joint  Com- 
mittee on  Calorimetry,  composed  of  representatives  of  the 
Commission  and  of  the  Gas  Corporations  of  the  State. 

2.  This  Committee,  after  three  years  of  continuous  research 
and  investigation,  having  had  the  assistance  of  the  labora- 
tories of  the  Commission  and  of  tests  made  at  sixteen  gas 
plants  in  the  State,  and  the  results  of  numerous  experiments 
conducted  elsewhere  to  aid  it  in  its  conclusions,  now  makes 
its  report. 

3.  The  object  constantly  in  mind  has  been  the  selection  of 
a  standard  for  artificial  gas  which  will  enable  the  consumer 
to  obtain  the  most  value  for  the  least  money,  and  will  enable 
the  Company  to  obtain  its  profit  at  the  smallest  expense  to  the 
consumer.  The  interests  of  the  consumer  and  the  Company 
are  one.  This  one  interest  demands  a  standard  which  will 
fit  in  with  present  economic  conditions,  which  will  permit  the 
most  efficient  use  of  modern  invention  and  which  will  con- 
serve resources  instead  of  wasting  them. 

4.  The  yielding  of  the  open  flame  burner,  the  only  device 
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requiring  the  gas  to  have  an  illuminating  value,  is  the  first 
reason  for  suggesting  a  standard  based  on  the  heating  value. 
The  mantle  burner  is  from  four  to  eight  times  as  efficient  as 
the  open  flame  burner,  and  its  use  reduces  the  cost  of  lighting 
to  the  consumer.  As  is  well  known,  the  light  is  obtained  by 
heating  a  mantle  of  rare  earths  to  incandescence.  The  gas 
needs  only  heating  value  because  the  burner  is  merely  a  heater 
for  the  mantle. 

5.  As  in  all  heating  devices  the  burner  is  adjusted  so  that 
the  gas  is  completely  burned  and  shows  a  blue  or  almost  color- 
less flame.  Consumers,  if  properly  informed,  wotdd  sub- 
stitute mantle  burners  for  open  flames  in  practically  every 
case.  In  addition  to  the  greater  economy  there  is  greater 
safety  in  many  cases  and  more  effective  illumination  always. 

6.  In  addition  to  modem  gas  lighting  devices  which  require 
heating  value  only  iii  the  gas,  there  is  a  rapidly  growing 
demand  for  gas  for  cooking  and  heating  purposes.  Artificial 
gas  is  being  supplied  in  increased  amounts  for  melting,  temper- 
ing, metal  finishing,  drying,  gas  engines  and  hundreds  of  other 
industrial  uses.  Inventors  are  actively  at  work  designing  ap-; 
paratus  which  will  greatly  increase  this  use.  Heat  storage 
furnaces  for  heating  buildings  economically  with  gas  are  pro- 
posed. Indeed  it  seems  to  be  true  that  it  only  needs  the  design 
of  proper  gas-using  apparatus  to  make  gas  the  most  economic 
means  of  transporting  the  heat  content  of  coal.  Under  such 
circumstances  to  give  artificial  gas  an  expensive  and  unneces- 
sary illuminating  value  is  illogical  and  indefensibly  wasteful. 

7.  The  illuminating  quality  in  gas,  which,  with  the  disap- 
pearance of  the  open  flame  burner  becomes  unnecessary,  may 
become  a  costly  feature  if  it  must  be  added  to  the  gas  by  a 
special  process  of  enrichment.  This  enrichment  is  usually  made 
by  means  of  a  petroleum  oil  which  for  a  number  of  years  was 
worthless  for  anything  else  and  consequently  was  very  cheap. 
But  the  enormous  growth  in  the  demand  for  gasoline  for  auto- 
mobiles and  motor  boats  has  stimulated  chemists  to  invent 
processes  by  which  the  enriching  oils  heretofore  used  by  gas 


D.gnzed  by  Google 


53/ 

companies  can  be  turned  into  light  oils  suitable  for  internal 
combustion  engines. 

8.  Inventors  of  oil  engines  are  perfecting  their  devices 
rapidly,  which  results  in  much  more  extended  direct  use  of  oil 
for  power  generation.  Oil  used  in  this  way  commands  a  h^her 
price  than  when  used  for  gas  enrichment.  The  United  States 
and  other  governments  are  resorting  to  increased  use  of  oil 
fuel  for  war  vessels,  and  their  needs  are  so  paramount  that 
price  is  not  a  critical  factor.  (Reference:  "The  Production 
of  Petroleum  in  igri,"  U,  S.  Geological  Survey,  1912.) 

9.  This  sudden  demand  for  enriching  oil  products  by  the 
people  for  pleasure  and  industrial  purposes,  and  by  govern- 
ments for  power  purposes,  and  the  consequent  rise  in  the 
selling  prices,  has  within  a  year  increased  the  cost  of  manu- 
facturing water  gas  from  10  to  15  cents  per  thousand  cubic 
feet.  In  addition  there  is  every  reason  to  believe  that  the 
present  price  of  oil  is  by  no  means  the  maximum,  so  that  cost 
may  operate  in  the  future  to  require  that  enrichment  be  kept 
to  a  minimum.  It  was  the  presence  of  a  large  and  cheap 
supply  of  enriching  oil  that  made  water  gas  commercial  after 
the  manufacturing  apparatus  had  been  made  practical  from 
1877  to  1882.  It  is  probable  that  the  high  price  of  enriching 
oils  will  make  carbureted  water  gas  useful  chiefly  for  peak 
demands  and  as  a  reserve  to  retort  gas  and  oven  gas,  which 
need  no  enrichment  if  heating  value  only  be  required, 

10.  The  present  rise  in  the  price  of  oil  would  result  in  a 
condition  seriously  affecting  the  price  of  gas  to  the  consumer 
if  it  were  necessary  for  artificial  gas  to  continue  to  have  the 
present  high  illuminating  value.  Fortunately  the  availability 
of  the  mantle  burner  modifies  the  seriousness  of  the  situation. 
It  may  be  argued  that  gas  oil  has  risen  in  price  before  and 
afterward  dropped.  It  must  be  added,  however,  that  the 
price  never  returns  to  its  previous  low  figure.  Moreover,  as 
shown  above,  the  present  rise  is  due  to  plainly  apparent  and 
quite  natural  causes,  and  it  does  not  appear  that  these  causes 
will  abate  in  force. 
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11.  In  passing  it  ma>  be  stated  that  water  gas  must  be  en- 
riched to  be  practical  for  community  use.  Retort  gas  (so- 
called  "coal  gas")  has  ample  heating  value  and  illuminating 
value  to  be  distributed  without  enrichment  to  the  community. 
Run  of  oven  gas  (by-product  from  coke  ovens)  has  a  large 
heating  value  without  enrichment,  but  in  candle-power  is  ma- 
terially lower  than  retort  gas. 

12.  It  should  also  be  noted  that  whatever  reasons  there  may 
have  been  in  the  past  for  different  standards  for  coal  gas, 
mixed  gas  and  carbureted  water  gas  (i6,  i8  and  20  candle- 
power  in  New  York  State,  Second  District),  they  certainly  are 
without  force  now,  and  only  one  standard  is  necessary  or  de- 
sirable. 

13.  Mere  increased  cost,  though  important  and  almost  com- 
pelling, is  not  atone  the  cause  for  a  change  from  a  candle^ 
power  to  a  heat  unit  standard.  As  a  matter  of  fact,  when  this 
Committee  was  appointed  this  feature  could  not  have  been 
in  any  degree  a  reason  for  changing  the  standard.  The 
present  standard  actually  retards  the  extension  of  gas  service 
and  as  a  direct  consequence  retards  the  development  of  com- 
munities. 

14.  Present  development  in  gas  distribution  falls  into  two 
classes — first,  distribution  in  comparatively  densely  populated 
large  territories  such  as  cities,  with  closely  attached  suburbs; 
and  second,  distribution  of  gas  from  one  large  central  plant 
to  a  number  of  more  or  less  distant  communities  with  inter- 
vening territory  in  which  there  is  little  or  no  demand  for  gas 
supply.  In  either  case  the  present  candle-power  standard  is 
a  burden.  This  is  for  the  reason  that  because  of  temperature 
and  pressure  changes  and  friction  in  mains  a  part  of  the  en- 
richment added  to  a  gas  to  give  it  illuminating  power  drops 
out  during  transmission,  and  the  loss  becomes  more  and  more 
serious  as  the  distance  of  transmission  increases.  Hi^er 
pressures  are  necessary  if  the  gas  is  to  be  transmitted  eco- 
nomically for  a  long  distance  and  it  is  impossible  to  avoid  some 
exposure  to  low  temperature.    As  a  result  either  the  gas  must 
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be  given  excessive  candle-power  at  the  plant,  or  it  must  be 
enriched  after  transmission  so  that  the  gas  distributed  after 
transmission  may  be  up  to  standard.  In  either  case  it  is 
sometimes  difficult  to  make  the  operation  of  the  system  satis- 
factory and  the  cost  increases  to  an  amount  which  makes  such 
distribution  often  commercially  impracticable. 

15.  Within  single  areas  or  communities,  extension  of  ser- 
vice is  possible  so  far  as  the  present  law  is  concerned  which 
requires  inspections  to  be  made  about  a  mile  from  the  works. 
This  does  not  mean,  however,  that  the  same  quality  of  gas 
can  be  supplied  economically  at  the  center  and  on  the  out- 
skirts. 1'he  company  undertaking  to  give  standard  service 
at  all  points  must  of  necessity  spend  much  more  on  its  manu- 
facturing and  distribution  cost  because  the  average  candle- 
power  must  be  higher  in  order  to  make  up  the  loss. 

16.  In  the  case  of  one  large  central  plant  distributing  gas 
to  a  number  of  more  or  less  distant  and  separate  communities, 
the  burden  is  especially  heavy,  for  but  one  quality  of  gas 
can  be  ordinarily  distributed  from  the  plant.  The  long  dis- 
tribution system  with  its  higher  pressure  and  exposure  to  low 
temperature  entails  a  very  great  loss  in  candle-power  during 
transmission.  In  addition,  the  operation  is  likely  to  be  diffi- 
cult, because  the  enriching  oils  which  condense  in  the  system 
must  be  taken  care  of  in  larger  pipes,  traps  and  other  devices 
and  the  labor  cost  of  operation  is  increased  on  account  of  the 
maintenance  and  operation  of  these  extra  devices.  With  the 
increased  cost  of  enriching  oil  it  is  probable  that  such  ex- 
tended distributions  ^will  not  be  possible  without  a  seriou.-) 
increase  in  the  selling  price 

17.  Too  small  a  community  cannot  support  a  gas  plant  of 
its  own,  if  first-class  service  is  to  be  given,  ample  financial 
support  secured  and  adequate  business  and  engineering  super- 
intendence snpplitid.  For  a  long  time  the  same  conditions 
obtained  in  the  supply  of  electricity  but  the  problem  of  supply- 
ing the  smaller  community  has  been  solved  by  the  develop- 
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ment  of  high-tension,  long-distance  transmission  of  power. 
By  this  means  any  number  of  small  communities  and  interven- 
ing farm  territory  can  be  served  from  one  large  central  sta- 
tion. High-pressure  gas  distribution  bears  the  same  relation 
to  the  gas  industry  as  high-tension  transmission  bears  to  the 
electric  industry. 

i8.  As  shown  later,  the  loss  in  heat  units  in  transmission 
due  to  pressure  or  low  temperature  is  very  much  less  than  the 
loss  in  candle-power.  A  heat  unit  standard  not  very  different 
from  the  heat  unit  value  of  gas  at  present  supplied  would 
permit  gas  distribution  over  long  distances  under  pressure  at 
a  loss  which  would  be  in  no  sense  burdensome.  Such  a  result 
would  permit,  as  soon  as  development  could  take  place,  gas 
service  to  many  small  villages  and  towns  which  it  is  quite  im- 
possible to  supply  under  present  conditions. 

19.  A  further  reason  why  a  change  from  a  candle-power 
standard  to  a  heat  unit  standard  is  desirable  rests  on  a  broad 
economic  policy.  Even  though  oil  were  not  increasing  in  price 
the  present  standard  spells  waste.  It  is  a  waste  of  resources 
and  it  is  wasteful  of  money.  Conservation  of  resource* 
would  demand  that  there  should  be  no  unnecessary  resort  to 
the  use  of  oil  for  gas  enrichment.  It  is  wasteful  to  maintain 
a  standard  beyond  what  is  required  for  efficiency  and  when 
the  standard  means  an  unnecessarily  high  cost.  The  public 
wants  the  best  gas  for  the  least  money  and  it  is  to  the  business 
advantage  of  the  Company  to  supply  the  demand.  The  pre- 
sent standards,  under  existing  conditions,  do  not  assist  in  at- 
taining this  desirable  end. 

20.  Summarizing  then,  the  movement  toward  a  heat  unit 
standard  is  based  on  three  important  factors: 

I.  Modern  appliances  for  the  use  of  gas  require  that  it 
have  heating  value  only.  The  open  flame  burner  is 
rapidly  disappearing  on  account  of  its  inefficiency 
and  expense. 
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2.  The  present  candle-power  standard  seriously  impedes 

desirable  distribution  in  extended  communities  and 
for  long  distances,  and  as  a  consequence  retards 
community  development.  The  rising  price  of  en- 
riching oils  adds  to  the  difficulty. 

3.  The  present  standards  are  wasteful  of  resources  and 
unduly  burdensome  on  the  consumer  and  the  Com- 
pany. 

21.  In  order  to  obtain  accurate  information  on  which  to 
base  the  choice  of  a  proper  standard,  particularly  with  refer- 
ence to  the  needs  of  New  York  State,  the  Committee  turned 
to  a  number  of  gas  corporations  of  the  State  for  assistance. 
Laboratories  for  calorimetrical  measurements  were  established 
at  sixteen  different  plants  of  the  State  and  regular  daily  tests 
started.  The  instruments  were  checked  first  at  the  laboratory 
of  the  Public  Service  Commission  at  Albany.  The  cost  of  the 
apparatus  and  the  expense  of  the  tests  were  all  carried  as 
operating  expenses  of  the  plants  where  the  tests  were  made. 
Constant  attention  had  to  be  given  by  the  Company's  officers 
and  their  employees  to  the  investigation,  and  the  expenditure 
of  time  and  money  was  not  small.  Results  of  this  work  make 
up  the  most  valuable  data  that  the  Committee  has  in  this 
report.  In  Appendix  B  will  be  found  tabulations  and  curves 
showing  the  results  obtained  by  the  various  Companies  with 
comments  and  discussion  in  considerable  detail  (see  also  Ap- 
pendix C).  The  monthly  reports  of  the  Companies  summariz- 
ing their  daily  tests  when  received  by  the  Committee  were 
scrutinized  closely  for  errors  and  critical  features.  Every 
effort  possible  has  been  made  by  the  Committee  to  make  sure 
that  the  work  was  being  done  with  uniformity  and  accuracy. 
The  co-operation  of  the  traveling  gas  inspectors  of  the  Com- 
mission was  of  marked  assistance  in  this  respect.  As  a  final 
test  on  this  point,  a  demonstration  was  held  at  Amsterdam, 
N.  Y.,  at  which  alt  the  calorimeter  operators  of  the  various 
Companies  making  tests  were  present.  This  gave  an  oppor- 
tunity for  a  further  demonstration  in  regard  to  uniformity 
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and  accuracy.    The  Committee  feels  confident  that  the  results 
are  accurate  within  one  per  cent. 

22.  Certain  other  important  facts  demonstrated  by  this  ex- 
perimental work  should  be  mentioned. 

23.  It  is  known  that  a  calorimetrical  laboratory  can  be  es- 
tablished at  comparatively  small  expense. 

24.  Calorimetric  measurements  can  be  made  with  great  ac- 
curacy by  men  with  no  special  scientific  training  except  ex- 
perience in  and  attention  to  proper  operating  directions. 

25.  The  calorimeter  as  a  practical  instrument  is  more  ac- 
curate than  the  photometer.  There  is  no  uncertain  feature 
in  connection  with  its  use  as  there  is  with  the  type  of  burner 
and  standard  unit  of  light  used  with  the  photometer. 

26.  From  the  test  results  no  law  could  be  discovered  show- 
ing a  relation  between  the  candle-power  and  the  heat  unit 
value  of  artificial  gas.  The  Commission's  preliminary  investi- 
gation indicated  this,  but  the  results,  involving  6,738  calori- 
metric and  9,167  photometric  observations,  obtained  by  the 
Committee  make  it  a  demonstrated  fact.*  For  this  reason  it 
would  be  very  difficult  indeed  to  state  the  heat  value  of 
artificial  gas  of  a  quality  equal  to  the  State  standard  for 
candle-power  inasmuch  as  the  Companies  generallv  distributed 
gas  above  the  legal  standard,  in  some  cases  as  much  as  17 
per  cent.  For  the  information  of  the  Committee,  however, 
two  plants  were  operated  close  to  the  State  standard.  As  the 
results  in  Appendix  B  show,  gas  meeting  the  State  standard 
of  candle-power  would  have  approximately  a  monthly  average 
of  585  B.  t.  u.°  The  question  immediately  arises  as  to 
whether  this  value  should  not  be  taken  for  the  heating  value 
standard  of  gas  to  be  distributed  in  New  York  State.     The 

1  NoteChirl  Appendix  B.  pp.  1041. 

■  B.  t.  D,  la  the  ■ccepicd  ibbrrvlation  (or  the  Brlllih  tbemul  uoit.  which  U  the 
■  mouolof  heat  required  to  nise  the  tempentuie  of  one  pound  (■volrdnpoit)  ot  pore 
wilier  from  39.1°  F.  lo  40.1°  F.  The  nriatlon  in  the  quantitj'  of  heat  necenaiy  10 
r*<*e  the  lempenture  of  ■  pound  of  water  1"  P.  i*  mi  ilitbt  for  tay  tempenlure 
between  }i°  and  111°.  that  in  general  Itae  B.  I.  u.  may  be  afetjr  taken  a*  the 
amotitil  efheat  necesMcy  to  ralae  the  temperature  of  one  pound  (aveitdupols)  ot 
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several  steps  in  the  reasoning  necessary  to  properly  answer 
this  question  are  important. 

27.  It  is  desirable  that  a  new  standard  shall  not  differ 
greatly  from  the  heating  value  of  gas  of  the  present  legal 
standard.  To  have  it  materially  less  would  require  the  dis- 
tribution and  use  of  a  larger  volume  of  gas  in  order  to  get 
the  same  useful  effect.  This  in  turn  would  necessitate  radical 
changes  in  the  selling  price  annoying  to  both  consumers  and 
Companies  without  benefit  to  either. 

28.  To  meet  a  heat  unit  standard  of  385  B.  t.  u.  means  that 
most  Companies  must  enrich  the  product  during  a  portion 
of  each  twelve  months. 

29.  There  are  a  variety  of  combination  methods  of  making 
artificial  gas  from  gas  coal,  anthracite  coal,  bituminous  coal 
and  oil,  which  are  discussed  in  Appendix  C. 

30.  Any  enrichment  is  expensive  and  it  has  been  shown 
above  that  it  is  becoming  more  and  more  so  with  the  increas- 
ing price  of  oil.  It  is  safe  to  predict  that  if  the  present  price 
of  oil  continues,  carbureted  water  gas  will  no  longer  occupy 
the  important  position  that  it  has  for  some  years  past  in  the 
gas  industry.  Indeed,  the  idea  is  now  taking  firm  hold  that 
owing  to  the  oil  situation,  with  the  practically  inexhaustible 
supply  of  gas  coal  now  in  sight,  the  gas  industry  must  depend 
upon  coal  gas  of  some  sort  for  the  bulk  of  its  output  and  use 
water  gas  as  a  reserve.  In  any  case  excessive  enrichment  is 
useless  and  unsatisfactory,  especially  in  connection  with  mod- 
em gas  appliances.  Gas  unnecessarily  enriched  interferes  with 
manufacturing  processes,  and  when  distributed  to  the  con- 
sumer deposits  carbon  in  burners  and  mantles  and,  as  hereto- 
fore stated,  the  illuminants  drop  out  in  transmission,  es- 
pecially under  pressure  and  at  low  temperature.  Other  things 
being  equal,  it  will  be  to  the  advantage  of  consumers  and  man- 
ufacturers if  enrichment  is  reduced  to  a  minimum. 

31.  As  shown  later,  with  the  most  modem  horizontal  retort 
settings  and  machine  stoking,  coal  gas  from  high-grade  gas 
coals  and  with  high  yields  of  gas  per  ton  of  coal,  without  en- 
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richment,  varies  in  heat  units  from  approximately  550  to  600 
B.  t.  u.  monthly  average.  If  the  general  use  of  carbureted 
water  gas  as  a  staple  product  becomes  impossible  on  account 
of  the  very  high  price  of  enrichii^  oils,  and  must  be  replaced 
by  retort  or  oven  gas,  and  if  the  heat  unit  standard  is  set 
at  such  a  point  that  the  manufacturer  will  need  the  highest 
grades  of  coal  in  order  to  meet  this  standard  or  else  be  com- 
pelled to  use  high-priced  enriching  oils,  it  is  obvious  that  the 
price  of  these  higher  grade  coals  will  rise  so  that  the  very  ob- 
ject of  tbe  change  will  be  defeated.  It  is  interesting  to  quote 
here  from  Bulletin  6  of  the  Bureau  of  Mines  of  the  United 
States,  published  in  191 1 : 

"In  a  consideration  of  the  various  means  whereby 
more  economical  and  more  efficient  use  may  be  made  of 
the  fuels  in  the  United  States,  the  possibility  of  obtain- 
ing for  the  production  of  illuminating  gas  other  and 
cheaper  fuels  than  the  Pennsylvania  coals  demands  at- 
tention. For  the  Government,  as  well  as  for  private  cor- 
porations and  the  householder,  there  can  be  no  more 
economical  and  efficient  way  of  using  some  coals  than 
through  the  medium  of  illuminating  gas.  In  the  stove, 
gas  reduces  the  labor  cost  of  heat  production  and  lessens 
the  drudgery  of  the  kitchen;  burned  in  the  Welsbach 
mantle,  it  is  an  excellent  and  cheap  illuminant.  In  addi- 
tion, the  coke  that  remains  after  the  gas  has  been  re- 
covered furnishes  a  smokeless  fuel  that  has  about  the 
same  heating  value  as  anthracite.  Hence  any  investiga- 
tions that  will  indicate  how  local  coals  through  proper 
treatment  may  be  substituted  for  the  higher  priced  and 
rapidly  vanishing  Pennsylvania  gas  coals  will  bring  about 
lower  prices  for  both  gas  and  coke,  and  will  also  aid  to 
conserve  for  use  in  metallurgical  processes  the  coking 
coals  of  Pennsylvania  and  of  other  States. 

****** 
"There  are  few  well -developed  coal  fields  in  this  coun- 
try that  furnish  coal  satisfying  all  the  requirements  of 
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illuminating-gas  manufacture.  Most  of  the  coal  used 
hitherto  has  come  from  Western  Pennsylvania,  the  quan- 
tity supplied  by  other  fields  being  relatively  small.  The 
introduction  of  gas-coals  from  new  or  little-known  dis- 
tricts, because  of  the  lack  of  necessary  testing  stations  and 
of  scientific  study  of  the  complex  process  of  gas  manufac- 
ture, has  been  difficult." 

32.  We  must,  therefore,  think  that  it  would  be  inadvisable 
to  set  the  standard  for  artificial  gas  so  high  that  the  best  coals 
only  could  be  used.  The  standard  should  be  placed  so  that 
average  coals  may  be  used  without  enrichment,  and  thus  give 
the  very  greatest  economic  value  to  the  consumer  at  the 
lowest  cost. 

33.  Certain  methods  of  operation  are  now  being  discussed 
that  may  be  desirable,  or  even  become  compulsory  under  con- 
ditions which  seem  to  be  approaching.  The  disposition  of  the 
coke  resulting  from  the  manufacturing  of  coal  gas  has  been 
in  the  past  a  serious  problem  to  some  Companies,  and  at  a 
time  when  coke  was  used  in  cooking  ranges  since  discarded 
for  more  desirable  gas  ranges.  For  this  and  other  reasons  it 
may  be  desirable  in  the  future  to  manufacture  a  mixed  coal 
and  carburetted  water  gas,  using  substantially  all  of  the  coke 
as  fuel  in  the  water  gas  sets.  If  this  becomes  a  general  prac- 
tice it  may  be  desirable  to  lower  the  standard.  Coke  oven  gas 
in  which  the  coal  is  carbonized  primarily  to  obtain  coke  for 
industrial  purposes  and  the  gas  a  by-product  is  also  being  con- 
sidered in  many  places.  Ruii-of-oven  gas  would  require  ex- 
cessive enrichment  if  the  present  standard  was  in  force.  It 
it  quite  probable  that  should  this  coke  oven  gas  be  distributed 
in  larger  quantities  it  would  be  desirable  to  reduce  the  stand- 
ard. Present  data  from  these  various  processes  show  that  it 
might  be  necessary  to  fix  the  standard  at  525  B.  t.  u.  or  even 
lower. 

34.  It  is  difficult  indeed,  in  view  of  the  uncertainty  as  to 
just  how  fast  certain  changes  in  the  conditions  governing  gas 
manufacture  and  distribution  will  take  place,  and  as  to  what 
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the  final  situation  will  be,  to  detcmiine  the  proper  value  at 
which  to  set  the  standard.  It  has  been  shown  that  some  time 
in  the  future  the  standard  may  have  to  be  525  units  or  lower. 
It  has  also  been  shown  that,  at  present,  the  monthly  average, 
even  with  the  best  coals  and  hi^est  grade  plants,  may  be  as 
low  as  550  units.  All  plants,  of  various  sizes  and  locations, 
cannot  become  highest  grade  plants,  at  least  immediately,  and 
the  smaller  plants  never.  The  best  coals  are  not  available 
to  all,  and  if  the  demand  is  increased  the  price  will  rise.  Not- 
withstanding these  facts  it  is  believed  that  the  standard 
adopted  must  be  close  to  the  heat  unit  value  of  the  present 
standard  gas. 

35.  Taking  all  these  conflicting  factors  into  considerati<m, 
it  is  the  judgment  of  the  Committee  that  a  total  heat  value  not 
exceeding  570  British  thermal  units  monthly  average  measured 
at  the  point  where  the  gas  leaves  the  manufacturing  plant,  cor- 
rected to  a  temperature  of  60°  F.,  and  to  a  pressure  of  30 
inches  of  mercury,  as  measured  by  the  rules  of  the  Committee 
accompanying  this  report,  is  the  standard  which  will  best 
serve  the  interest  of  the  people  of  New  York  State. 

36.  The  standard  su^:ested  above  is  referred  to  the  stand- 
ard atmospheric  cubic  foot,  i.  e.,  at  30  inches  barometer  and 
60°  F.  It  will  be  perceived  that  the  only  time  a  consumer 
would  get  the  standard  number  of  heat  tmtts  would  be  when 
his  meter  was  at  60°  F.  and  the  barometer  was  at  30  inches. 
Such  conditions  cannot  obtain,  however,  with  localities  at 
different  heights  above  sea  level  and  with  meters  located  in 
alt  kinds  of  places  giving  different  and  varying  temperatures. 
Therefore,  some  average  conditions  must  be  chosen.  These 
might  be  the  average  annual  barometer  and  temperature  if 
they  could  be  obtained  for  each  locality  and  a  "local  cubic 
foot"  might  be  fixed  on  these  terms.  All  such  "local  cubic 
feet"  could  then  be  required  to  have  the  standard  number  of 
heat  units.  This  would  be  possible  for  a  group  of  localities 
not  varying  too  much  from  a  certain  average  altitude.  It 
would  be  very  inconvenient  however.    A  certain  mass  of  coal 
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gives  a  certain  mass  of  gas  at  best  economic  yield,  and  the 
volume  of  the  gas  is  solely  dependent  upon  pressure  and  tem- 
perature. Therefore,  if  a  "local  cubic  foot"  is  used,  operators 
would  operate  differently  at  different  altitudes  and  tempera- 
tures, even  though  using  the  same  coals,  oils  and  machinery. 
A  comparison  of  detail  methods  of  operation,  the  study  of 
proper  amounts  of  oil  and  steam,  temperature  of  various  parts 
of  the  sets  or  benches  and  other  features,,  are  sufficiently  com- 
plex now  without  making  them  more  so  by  introdudi^  acci- 
dental atmospheric  conditions.  There  could  not  be  even  a 
mere  comparison  of  results  by  State  authorities  and  others 
interested,  in  order  to  increase  efficiency,  until  the  results  were 
brought  to  a  common  basis.  In  a  State  having  largely  dif- 
erent  altitudes  several  standards  might  be  required  owing  to 
the  impossibility  of  making  a  uniform  commercial  gas  in  all 
cases.  The  operators  would  stiH  have  to  observe  the  daily 
barometer  and  temperature,  and  make  corrections,  to  the 
"local  cubic  foot."  The  only  si^^sted  advantage  discernible 
is  that  the  consumers  everywhere  throughout  the  region  or 
State  in  question  would  get  the  same  number  of  heat  units 
in  the  yearly  average  "local  cubic  foot."  What  they  get  from 
day  to  day  wiH  vary  by  the  same  amounts  under  any  system. 
All  features  considered,  it  will  be  much  more  satisfactory  to 
fix  the  requirement  in  terms  of  the  atmospheric  standard 
cubic  foot,  t.  e.,  at  30  inches  barometer  and  60°  F.  The  aver- 
se "local  cubic  foot"  sold  will  then  contain  slightly  different 
numbers  of  heat  units  according  to  the  height  of  the  locality 
above  the  sea  and  to  the  climatic  conditions.  In  New  York 
State  these  differences  are  unimportant. 

37.  The  conditions  governing,  the  use  of  the  standard  are 
important.  Gas  manufacture  is  not  an  exact  science  but  is  a 
complex  operation  including  a  number  of  distinct  processes. 
Quality  of  coal,  methods  of  firing,  temperature  of  retorts, 
the  human  factor,  the  failure  or  breakdown  of  parts  of  the 
plant,  and  other  factors  not  easily  controlled,  make  it  im- 
possible for  a  Gas  Company  to  deliver  an  absolutely  uniform 
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product.  This  points  to  the  necessity  of  applying  the  stand- 
ard as  an  average  for  a  reasonable  length  of  time.  A  month 
has  been  adopted  elsewhere  and  is  recommended  for  New 
York  State.  If  a  Company  falls  below  the  standard  for  a 
few  days  it  will  then  be  necessary  for  it  to  produce  above  the 
standard,  at  an  economic  loss,  in  order  to  have  its  monthly 
average  satisfactory.  In  order  to  protect  the  public  against 
improper  management  by  which  there  would  be  wide  departures 
from  the  standard,  should  a  minimum  value  be  set?  It  is  not 
necessary  that  this  minimum  be  set  too  close  to  the  monthly 
average,  as  there  is  a  financial  loss  to  a  Company  if  it  departs 
too  far  from  it.  The  cheapest  and  best  operation  for  both 
Company  and  consumer  will  obtain  by  a  close  adherence  to 
the  standard.  A  wide  departure  due  to  careless  operating 
means  an  increase  in  operating  cost  which  will  not  be  to  the 
Company's  profit.  A  5  per  cent,  deviation  for  not  exceeding 
three  consecutive  days  would  be  adequate  protection  to  the 
consumer.  In  extraordinary  conditions  due  to  failure  to  ob- 
tain supplies  or  to  accident  in  the  plant,  the  Commission 
might  properly  suspend  the  operation  of  the  standard  in  its 
discretion. 

38.  As  a  matter  of  fact  even  a  properly  fixed  minimum 
is  of  little  practical  importance.  Well-managed  companies 
would  never  reach  it  except  under  circumstances  absolutely 
beyond  their  control.  The  saving  and  satisfaction  in  operat- 
ing close  to  the  monthly  average  is  very  great  and  induces 
good  management.  A  management  continually  inefficient  and 
incompetent  would  be  exposed  in  so  many  ways  that  a  change 
would  eventually  come  through  reorganization  or  new  owner- 
ship. 

39.  Penalties  have  been  used  in  an  attempt  to  compel  good 
management,  but  as  a  rule,  experience  has  shown  them  to  be 
ineffective.  The  difficulties  of  placing  the  blame  en  the  proper 
persons  and  conditions,  of  proper  legal  phrasing,  of  collecting 
the  penalties,  of  fixing  equitable  penalties  and  penalties  that 
are  real,  the  fact  that  through  carelessness  they  so  frequently 
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"  fall  into  disuse,  the  opportunity  that  exists  for  abuse  and 
persecution — all  operate  against  the  effectiveness  of  a  penalty 
system.  Continiml  and  broad  publicity  is  very  much  better. 
The  greatest  force  in  the  country  to-day  is  public  opinion.  No 
company  could  ignore  or  withstand  the  effect  of  frequently 
published  statements  that  its  product  was  not  up  to  a  prescribed 
standard.  A  weekly  publication  of  tests,  for  example,  would 
keep  the  public  informed,  would  keep  the  company  active  in 
good  management,  would  prevent  careless  and  irresponsible 
complaints,  and  would  prevent  abuse  and  criticism. 

40.  It  is  reasonable  to  ask  what  disadvantage  there  will  be, 
if  any,  to  persons  using  flat  flame  burners  if  a  standard  is  fixed 
according  to  heating  value  only.  It  is  fair  to  exclude  from  con- 
sideration all  persons  who  continue  to  use  flat  flame  burners 
through  indifference  to  their  own  interests.  That  a  smaller  and 
smaller  number  of  people  are  doing  this  is  evident  from  the 
results  reported  by  gas  companies  in  regard  to  the  reduction  in 
the  number  of  consumers  using  open  flames.  Mantle  burners 
have  become  so  cheap  and  the  saving  is  so  great  that  in  a  short 
time  no  one  will  use  open  flame  burners  except  for  some  pe- 
culiar reason.  The  cases  will  be  remarkably  few  where  open 
flame  burners  will  be  thought  desirable,  but  for  those  who  feel 
that  they  must  use  them  it  may  be  stated  positively  that  any 
artificial  gas  having  the  heating  value  recommended  in  the 
above  standard  would  have  sufficient  illuminating  power, 
though  at  times  lower  than  at  present,  to  make  the  gas  use- 
ful in  locations  suitable  to  open  flame  burners.  The  use  of  a 
very  small  percentage  of  the  gas  for  such  a  purpose  should 
not  prevail  against  the  general  usefulness  of  the  whole  product. 

41.  The  Committee  recommends,  therefore,  that  no  candle- 
power  standards  be  considered  in  connection  with  the  heat 
unit  standard  heretofore  recommended. 
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APPENDIX  A 

HISTORY  OF   COHMtTTEE  AND  ITS  WORK, 

1.  In  August,  1908,  an  investigation  was  started  by  the 
Public  Service  Commission  Second  District,  N.  Y,,  through 
its  Division  of  Light,  Heat  and  Power  "into  the  subject  of 
the  calorific  power  and  illuminating  power  of  the  coal  gas, 
carbureted  water  gas,  and  mixed  coal  and  carbureted  water 
gas  supplied."     (Page  21,  Third  Annual  Report.) 

2.  This  examination,  as  stated  in  the  Third  Annual  Report 
of  the  Commission,  was  of  a  preliminary  nature,  and  was 
completed  in  October,  1909,  and  the  data  embodied  in  a  re- 
port by  the  Chief  of  Division  of  Light,  Heat  and  Power. 

3-  On  December  8,  1909,  notice  was  sent  by  the  Conmiis- 
sion  to  all  the  gas  companies  operating  in  the  Second  Public 
Service  District  of  a  conference  to  be  held  on  Februaiy  I, 
1910,  in  reference  to  this  subject. 

4.  In  December,  1909,  following  the  receipt  of  this  notice 
and  report,  the  Empire  State  Gas  and  Electric  Association 
appointed  a  Committee  to  investigate  the  matter  as  thoroughly 
as  might  be  done  prior  to  the  hearing  of  February  first.  This 
Committee  held  a  number  of  meetings,  discussed  the  matter 
contained  in  the  report  and  such  other  data  as  was  available, 
but  was  unable  to  arrive  at  any  definite  conclusion  in  the  very 
limited  time  at  its  disposal. 

5.  At  the  hearing  on  February  i,  1910,  after  some  general 
discussion,  a  vote  was  taken  on  the  question  as  to  whether  or 
not  the  investigation  started  by  the  Commission  should  be 
continued.  The  result  of  the  vote  being  in  the  affirmative, 
the  Chairman  of  the  Commission  su^ested  the  appointment 
by  the  representatives  of  the  gas  companies  present,  of  a 
Committee  to  co-operate  with  the  Commission's  representa- 
tives    This  suggestion  having  met  with  the  approval  of  all 
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those  present,  a  recess  was  declared,  during  which  the  com- 
panies held  a  meeting  and  elected  as  their  representatives : 
W,  R.  AddickSj 
T.  R.  Beal, 
J.  C.  Dr1x)nc, 
W.  T.  MoMis, 
M.  W.  Opfut, 
R.  M.  Seaele. 

6.  Upon  the  continuation  of  the  conference  the  Chairman 
of  the  CcMiunission  named  as  its  representatives: 

H.  C.  Hazzasd, 
H.  H.  Crowell, 
C.  H.  Stone. 
The  persons  above  named  convened  after  adjournment  of 

the  hearing  and  voted  to  hold  the  first  regular  meeting  in  the 

Capitol,  Albany,  on  Friday,  February  ii. 

7.  On  February  11,  1910,  the  Committee  appointed  as 
above  outlined,  met  and  elected  H.  C.  Hazzard,  Chairman, 
and  C.  H.  B.  Chapin,  Secretary,  It  was  voted  that  the  Com- 
mittee should  be  known  as  the  Joint  Committee  on  Calori- 
metry, 

8.  Since  its  original  appointment,  the  personnel  of  the  Com- 
mittee has  undergone  some  changes.  The  Commission  has 
af^inted  William  MoCIellan  and  C.  F.  Leonard  as  its  rep- 
resentatives, H.  H,  Crowell  and  C.  H,  Stone  having  severed 
their  connection  with  it.  H.  H.  Crowell  continued  to  serve 
upon  the  committee,  and  C.  H.  Stone  resigned,  but  by  un- 
animous invitation  continued  to  sit  with  the  committee  and 
was  later  re-elected  a  member.  M.  W.  Offutt  resigned  as  a 
member  of  the  Committee  and  M.  J.  Brayton  was  elected  in 
his  place.  Dr.  A.  H.  Elliott  and  J.  B.  Klumpp  were  elected 
additional  members  of  the  Committee.  H.  C.  Hazard  hav- 
ing resigned  from  the  service  of  the  Commission,  thereupon 
resigned  from  the  Committee,  and  W.  R.  Addicks  was  elected 
Chairman. 


D.gnzed  by  Google 


552 

9-  At  the  commencement  of  the  investigation,  the  Com- 
mittee deemed  it  desirable  to  secure  the  co-operation  of  Com- 
panies in  different  parts  of  the  State  and  operating  under 
different  conditions  of  manufacture  and  distribution  of  gas. 
Ten  Companies  decided  to  purchase  calorimeters  and  make 
such  tests  as  the  Committee  desired.  Before  the  conclusion 
of  the  investigation  additional  Companies  joined  in  the  work, 
so  that  the  Committee  had  results  from  sixteen  plants  located 
in  widely  separated  parts  of  the  State  to  aid  it  in  its  conclu- 
sions. 

lo.  Statistics  are  given  in  Table  i  showing  the  kind  of  gas 
made  by  these  Companies,  the  magnitude  of  the  daily  output, 
and  the  date  of  beginning  of  tests.  Companies  are  designated 
by  number  instead  of  by  name  throughout  the  report,  {For 
further  information  regarding  the  different  Companies  see 
Appendix  B.) 

TABLE  I. 

Company  No.     Claw  KindoFgu  ToUMirted 

I  A  Coal  gas,  eariched  Oct   i,  1911 

3  D  Coal  gas,  earicbed  Aug.  i,  1911 

3  A  Carbureted  water  gas  Aug.  i,  1911 

4  A  Carbureted  water  gas  Aug.  i,  1911 

5  C  Carbureted  water  gas  Aug.  i,  igii* 

6  B  Carbureted  water  gas  Aug.  i,  1911 

7  B  Carbureted  water  gas  Aug.  i,  1911 
S  C  Carbureted  water  gas  Aug.  i,  1911 
9  A  Carbureted  water  gas  Aug.  i,  1911 

10  B         Carbureted  water  gas  Oct.   1,1911 

11  A  Mixed  coal  and  carburetedjwater  gas  Aug.  i,  1911 
13  A         Mixed  coal  and  carbureted  water  gas     Aug.  1,  1911 

13  C  Mixed  coal  and  carbureted  water  gas  Aug.  i,  1911 

14  C  Mixed  coal  and  carbureted  water  gas  Apr.   i,  19IZ 

15  A  Carbureted  water  gas  Oct.  1,1912 

16  B  Carbureted  water  gas  Feb.  1,1912 

Class  A — Companies  having  a  maximum  daily  send-out  of 

over  1,000,000  cubic  feet. 
Class  B — Companies    having   a   maximum    daily   send-out 

from  500,000  to  1,000,000  cubic  feet. 

*  Tests  discODtloucd  Nov«ritbet}o,  1911.  and  calorimeler  nuned  lo  Bnotlier  plast. 
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Class  C — Companies  having  a  maximum  daily  send-out 
from  100,000  to  500,000  cubic  feet. 

Class  D — Companies  having  a  maximum  daily  send-out  of 
under  100,000  cubic  feet, 

11.  At  the  meeting  of  the  Committee  in  February,  1910,  it 
was  deemed  advisable  to  prepare  specifications  for  calorimeter 
installations  and  rules  for  their  operation.  This  work,  which 
was  done  by  a  sub-committee,  was  completed  and  adopted  by 
the  full  Committee  on  May  6,  1910,  and  printed  for  distribu- 
tion under  the  title  "Calorimetric  Rules,  Regulations  and 
Specifications."  Copies  were  furnished  to  all  Gas  Companies 
operating  in  New  York  State. 

This  pamphlet  is  divided  into  six  general  sections  as  follows : 
I,     Heating  Value  of  Gas  (Definition).^ 
II.     Primary  Standard — To  be  maintained  at  the  labo- 
ratory of  Commission  at  Albany  (Specifica- 
tions) . 
III.     Secondary   Standard — To   be   used   in   checking 
Calorimeters    of    Gas    Companies    in    situ 
(Specifications.) 
IV.     General  Specifications  and  Recommendations  for 
Calorimeter  Installations  by  Gas  Companies. 
V,     Directions  for  Operating  Calorimeter. 
VI.     Suggestion  of  Several  Types  of  Calorimeters  Suit- 
able to  Use  when  Checked  by  the  Primary 
Standard  Adopted. 

12.  Following  the  adoption  of  these  specifications,  the  Pub- 
lic Service  Commission,  Second  District,  purchased  necessary 
instruments  and  equipped  a  laboratory  where  the  instruments 
of  the  different  Companies  could  be  calibrated. 

■  Tb«  definitloii  of  the  hFallng  vtlue  of  g»  sdopted  by  the  Coninktee  for  the 
pnrpOHS  of  this  report  end  the  InvestlEatloni  mndueteil  Is  u  followa; 

"  The  bemtlng  valne  oF  n  gai  is  the  total  healing  effect  produced  by  [he  complete 
combiution  of  a  unit  toluitie  of  the  gai,  measured  at  a  tempereiure  of  So  debtees 
Pahrenhelt,andBprenureof5alni^hesof  mercury,  with  air  of  the  ume  temperature 
and  presanie,  the  producta  of  camtiuatiau  also  ttelng  brought  to  this  tempetatuie. 

■'  m  AmericB  the  unit  of  volume  is  the  euble  loot  and  we  recommend  that  the 
beating  TBtue  be  Mated  tn  tema  of  Britlfh  Thermal  Units  pet  cubic  foot  of  gaa." 


D.gnzed  by  Google 


554 

13-  The  delays  in  delivery  of  instruments  were  considerable, 
so  that  the  calibration  of  the  companies'  calorimeters  at  the 
State  laboratory  was  not  completed  until  early  in  1911.  It  was 
deemed  wise  by  the  Committee  to  allow  a  preliminary  period 
after  the  instruments  were  finally  installed  for  the  companies' 
operators  to  become  acquainted  with  the  methods  of  testing 
before  asking  that  the  results  be  submitted  to  it  for  inspec- 
tion. 

14.  During  this  preliminary  period  forms  were  prepared  to 
be  used  by  the  companies  in  recording  their  daily  readings 
and  in  submitting  the  results  each  month  to  the  Committee. 

15.  Observations  of  the  results  obtained  during  the  6rst 
few  months  of  testing  prompted  the  Committee  to  prepare  a 
second  pamphlet  which  was  printed  under  the  title  "Plan  of 
Calorimetric  Investigation  and  Explanation  of  Test  and  Report 
Forms."  A  copy  of  this  pamphlet  was  furnished  each  com- 
pany engaged  in  the  investigation.  Amended  forms  for  re- 
cordii^  and  reporting  daily  readings  and  works  data  were  also 
prepared. 

16.  This  second  pamphlet,  which  was  tentatively  adopted 
January  6,  1912,  treated  in  further  detail  the  following  sub- 
jects: 

1.  The  making  of  daily  calorimetric  tests  and  the  re- 

cording daily  of  certain  works  data. 

2.  The  submitting  to  the  Committee  monthly  the  results 

of  the  daily  tests  and  of  monthly  averages  and 
details  of  works  data. 

3.  The  furnishing  to  the  Committee  of  information  re- 

garding operating  conditions,  and  apparatus  and 
methods  in  use. 

17.  Beginning  with  August  i,  1911,  and  ending  October  31, 
1912,  a  period  of  fifteen  months,  reports  have  been  regularly 
received  by  the  Committee  and  each  month  tabulated  by  the 
Secretary  so  that  copies  could  be  in  the  hands  of  each  member 
of  the  Committee  for  individual  study.  During  this  period 
6,738  calorimetric  tests  and  9,167  photometric  tests  were  re- 
ported as  shown  in  Tables  11  and  III  respectively. 
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i8.  In  May,  1912,  a  meeting  of  the  Committee  was  held 
at  Amsterdam  which  was  attended  by  the  men  operating  the 
calorimeters  in  the  several  plants.  At  this  time  a-  general 
conference  was  held  and  a  discussion  of  the  work,  with  par- 
ticular reference  to  uniformity  and  accuracy,  took  place. 

19.  Sub-committees  have  taken  up  in  detail  matters  that 
were  considered  of  enough  importance  to  require  special 
study.  Frequent  meetings  of  the  Committee  have  been  held 
during  the  past  two  years  and  the  work  constantly  reviewed 
with  an  endeavor  to  consider  every  phase  of  the  question. 
An  analysis  of  the  work,  the  results  of  the  tests  and  the  con- 
clusions drawn  therefrom,  will  be  found  elsewhere  in  the  re- 
port. 

INTRODUCTORY   OBSERVATIONS   RELATING   TO   THE   STUDY  OF 
APPENDIX  B. 

1.  Laboratory  accuracy  cannot  be  applied  in  commercial 
gas  production.  The  engineer  cannot  predict  from  day  to 
day  the  quality  of  gas  that  will  be  produced,  not  only  because 
of  the  uncertainties  in  the  character  of  the  raw  material,  but 
also  because  of  climatic  conditions.  It  will  be  observed  there- 
fore that,  owing  chiefly  to  atmospheric  changes,  an  excess 
candle-power  exceeding  10  per  cent,  at  the  plants  is  frequently 
not  realized  at  official  testing  station,  even  though  the  mini- 
mum realized  meets  the  State  candle-power  requirements. 
This  necessary  condition  tends  to  the  serving  of  an  irregular 
product  which  the  charts  clearly  disclose. 

2.  Similarly,  when  operating  under  a  heat  unit  standard, 
the  engineer  must  continue  to  make  his  product  in  excess  of 
the  standard  adopted.  The  information  derived  from  the  test 
indicates  that  the  consumer  will  receive  a  much  more  uni- 
form and  satisfactory  product  which  should  work  for  greater 
efficiency  in  its  use  at  the  point  of  consumpticn  when  com- 
pared with  operating  under  the  candle-power  standard  where, 
even  with  uniform  pressure,  the  essential  readjustment  of  air 
supply  is  neglected ;  this  is  wasteful  in  use  of  gas  and  through 
carbonization   (a  too  familiar  sight  with  over-enriched  gas) 
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is  destructive  of  gas  mantles.  This  condition  would  be  elimi- 
nated under  the  proposed  heat  unit  standard  and  the  present 
economic  losses  and  annoyance  in  the  use  of  gas  due  to  this 
neglect  in  readjustment  of  air  supply  will  be  eliminated. 

3.  The  adoption  of  the  proposed  standard  will  be  a  con- 
servation of  resources  through  the  elimination  of  unneces- 
sary wastes  in  production  and  distribution  without  loss  in 
effectiveness  of  the  product  when  compared  with  all  ele- 
ments of  waste  resulting  from  pursuing  present  methods. 

4.  It  should  be  noted  that  a  percentage  variation  from  a 
standard  of,  for  example,  5  per  cent,  is  but  i  unit  in  the  case 
of  20  as  used  in  candle-power,  while  the  same  accuracy  when 
dealing  with  the  larger  heat  unit  figure  becomes  29  units 
(nearly)  when  dealing  with  heat  unit  standards,  yet  both  i 
and  29  are  figures  that  show  equal  percentage  accuracy. 

5.  It  should  be  kept  in  mind  that  a  difference  in  reading 
by  two  observers  of  the  same  gas  might  reasonably  be  even 
0.5  of  a  candle  or  nearly  3  per  cent,  in  candle-power.  It  is 
probable  that  the  variation  in  B.  t.  u.  observation  by  the  same 
observers  would  be  less  than  i  per  cent.  The  following  table 
may  be  found  useful.  It  shows,  for  example,  that  a  5  per 
cent,  variation  from  20  candle-power  is  i  or  21  candle-power; 
for  18  candle-power  is  0.9  or  18.9  candle-power;  from  16 
candle-power  is  0.8  or  16.8;  while  from  570  B.  t.  u.  it  is  28.50 
or  599  (nearly). 

TABI.B  Showing  Resultant  Illuminating  or  Hkating  Valdb  for 

Variations  in  thb  Quality  of  tbe  Gas,  Abovb  Standard, 

OF  FROM  I  TO  13  Per  Cknt. 

standard  percent,  percent,  percent,  percent,  percent,  percent. 

lo Candle-power ao.a         20.4        ao.6        ao.8        11. o        ai.a 

18  Candle-power 18. a         18.4         18.5         18.7         18.9         19.1 

16  Candle-power 16.2         16.3         16.5-      16.S         16.8         17.0 

SToB.t.  u 5760      581.0      587.0      593.0      599.0      604.0 

7  a  9  10  II  11  13 

standard  percent,  percent,  percent,  percent,  percent,  percent,  percent. 

30  Candle-power  31.4  31.6  11. 8  32.0  33.1  33. 4  23.6 
18  Candle-power  19.3  19.4  19.6  19.8  20.0  30, a  ao.3 
16  Candle-power  17.  i  17.3  17.4  17-6  i7-8  17.9  '8.1 
57oB.t.u 610.0      616.0      6ai.o      637.0      633.0      63S.0     644.0 
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APPENDIX  B 

1.  As  already  noted  in  Appendix  A,  pages  555  and  556, 
there  have  been  6,738  calorimetric  tests  and  9,167  photometric 
tests  reported  to  the  Committee  during  the  period  August  i, 
191 1,  to  October  31,  1912.  It  has  seemed  unnecessary  to  in- 
clude all  of  these  tests  in  detail  in  this  report,  but  the  monthly 
averages  are  given  in  Table  IV.  These  averages  are  in  all 
cases  based  on  the  actual  number  of  tests  made  during  the 
month.  The  table  also  gives  the  minimum  monthly  average 
of  heating  value  for  each  Company  and  the  average  illuminat- 
ing value  for  the  month  durii^  which  the  minimum  average 
heatii^  value  ocurred. 

2.  The  results  of  the  tests  throughout  the  entire  period  are 
shown  graphically  in  the  following  pages.  Data  in  regard  to 
the  works  and  operation  of  the  various  Companies  are  also 
given. 

3.  The  charts  were  prepared  to  show  the  variations  in  the 
quality  of  gas,  both  daily  and  from  month  to  month.  There 
are  separate  diagrams  for  the  heating  value  and  the  illumin- 
ating value. 

4.  The  zero  line  represents  the  average  for  a  complete 
year,  except  when  tests  did  not  cover  so  long  a  period. 
In  each  case  the  actual  figure  represented  by  the  zero  line  is 
given,  and  the  months  included  in  the  average  are  stated. 
The  average  for  each  month  is  shown  by  a  heavy  line  Indi- 
cating the  percentage  of  variation  above  or  below  the  yearly 
average.  The  cross-sectioning  represents  the  extreme  high 
and  low  variation  of  any  daily  readings  during  such  month 
in  percentage  of  the  monthly  average, 

5.  The  illuminating  values  and  their  variations  from  the 
yearly  and  monthly  average  are  shown  according  to  the  same 
method  in  the  second  diagram. 

6.  A  careful  study  of  these  diagrams  indicates  that  the 
percentages  of  variation  in  heating  values  from  day  to  day 
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and  from  month  to  month  are  considerably  less  than  the  per- 
centages of  variation  in  illuminating  values,  that  the  varia- 
tions in  monthly  averages  for  the  two  measures  of  quality  do 
not  parallel  one  another  and  that  there  is  no  definite  relation 
between  them. 
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COMPANY.    NO.   I 

iVorks. — Kind  of  coal — ^  screened  Pennsylvania  gas  coal. 
Class  A — Table  I.     Page  552.     Duration  of  charge — 4  hours. 

Operation. — Coal  gas  plant  with  water  gas  auxiliary,  not  in 
use  daily.  One  holder  housed,  six  exposed.  Yield  per  pound 
coal — 4.79  to  4.94  cubic  feet  (cor.) 

Tests.—Ttsis  made  at  works.  Coal  gas  enriched  with  oil 
gas.  Type  of  calorimeter — Junkers — American  Meter  Co. 
Temperature  of  atmosphere  not  reported  each  month,  prob- 
able range  during  period  of  tests  from  0°  to  100"  F. 

Curves. — Zero  lines  represent  average  heating  power  or 
illuminating  power  for  period  October  i,  191 1,  to  September 
30,  1912,  excepting  February,  1912,  for  which  month  no  tests 
were  reported.  Average  heating  power  :^  652  B.  t.  u. 
Average  illuminating  power  ^  17.2  candle-power. 
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VARIATIONS  IN   HEATING   POWER 
Oct.    Hot.  Dec.  J*D.  Feb.  Mar.  Apr.  H*f  June  Jaty  Aug.  Sept.  Od. 
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COMPANY  NO.   2 

Works. — Coal  gas  plant.  Class  D — Table  i.  Page  552, 
Holders  exposed.  Horizontal  retorts.  One-half  depth  fur- 
nace. 

Operation. — En  richer — cannel — coal — 8.57  to  9.23  pounds 
per  100  pounds  coal  carbonized.  Kind  of  coal — Pennsylvania. 
Duration  of  charge — from  5  hours  35  minutes  to  7  hours  26 
minutes.  Yield  per  pound  coal — December  to  July — 4.78  to 
5.25  cubic  feet  (cor,). 

Tests. — ^Tests  made  at  office.  Type  of  calorimeter — ^Jun- 
kers. No  photometric  tests  reported.  Temperature  of  at- 
mosphere ranged  from — 10°  to  102°  F. 

Curves. — Zero  line  represents  average  heating  power  for 
12  months — August  i,  191 1,  to  July  31,  1912.  Average  heat- 
ing power  ^=  645  B.  t.  u. 
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VARIATIONS  IN  HEATING  POWER 
lug.  Sept.  Oct.  Not,  Dec  Jan.  Feb.  M>r.  Apr.  May  Jaut  July  Aus-  Sept.  ( 
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COMPANY  NO.  3 

Works. — Carbureted  water  gas  plant.  Class  A — Table  I. 
Page  552.     Holders  exposed.     Generators — 7'  6"  and  12'  sets. 

Operation. — Enricher — 34°  to  35*^  B.  gas  oil — 3.68  to  .(.48 
gallons  per  thousand  (cor.)  Kind  of  fuel — Anthracite  grate 
coal.  Generator  fuel  per  thousand  (cor.) — 31.55  to  37.44 
pounds.     Hours  psr  day  works  operation — from  10  to  24, 

Tests. — Tests  made  at  works.  Type  of  calorimeter — 
Junkers.  Temperature  of  atmosphere  ranged  from — 16°  to 
98°  F. 

Curves. — Zero  lines  represent  average  heating  power  or  il- 
luminating power  for  period  August  i,  1911,  to  July  31,  1912, 
excepting  April  1912,  for  which  month  no  tests  were  reported. 
Average  heating  power  ^  640  B.  t.  u.  Average  illuminating 
power  — :  22.6  candle-power. 
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COUFANY   NO  4. 

Works. — Carbureted  water  gas  plant.  Class  A — Table  I. 
Page  552.  Holders  exposed.  Generators — U.  G.  I,  Im- 
proved Lowe — up  and  down  steam,  7'  6"  and  8'  6"  sets.  Air 
and  steam  meters. 

Operation. — Enricher — Gas — oil — 3.80  to  4.19  gallons  per 
thousand  (cor.)  Kind  of  fuel — Broken  anthracite.  Gene- 
rator fuel  per  1,000  (cor.) — 29.7  to  35.7  pounds.  Hours  per 
day  works  operation  from  4.5  to  23.8. 

Tests. — Tests  are  made  at  works  laboratory.  Samples  of 
gas  taken  from  outlet  of  street  main  governor.  Gas  has  been 
exposed  to  atmospheric  temperature  in  storage  holder  and  re- 
lief holder.  Type  of  calorimeter — Junkers'  1910-American 
Meter  Co.  type  of  Photometer — U.  G.  I.  60-inch  Bar.  Edger- 
ton  Standard.  No.  7  Bray  burner.  Temperature  of  atmos- 
phere ranged  from — 4°  to  97°  K, 

Curves. — Zero  lines  represent  average  heatii^  power  or  il- 
Itmiinating  power  for  12  months — August  I,  191 1,  to  July 
31,  1912.  Average  heating  power  =  634  B.  t.  u.  Average 
illuminating  power  =  22.4  candle-power. 
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COMPANY    NO.    5 

Works. — Carbpreted  water  gas  plant.  Class  C — Table  I. 
Page  552,    Relief  holder  housed. 

Tests. — Tests  made  at  a  test  station  one-half  mile  from 
works.  Type  of  calorimeter — Sargent.  Temperature  of  at- 
mosphere ranged  from  27°  to  97°  F.  during  period  of  tests. 
Note. — This  calorimeter  was  moved  during  December  and 
January  to  plant  of  Company  No.  16. 

Curves. — Zero  lines  represent  average  heating  power  or  il- 
luminating power  for  four  months — August  i,  1911,  to  No- 
vember 30,  1911.  Average  heating  power^627  B.  t.  u. 
Average  illuminating  power  =  20.5  candle-power. 
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COMPANY  NO.  6 

Works. — Carbureted  water  gas  plant.  Class  B — Table  I. 
Page  552.  Holders — i  housed,  i  exposed.  Works  A;  1  ex- 
posed, Station  B,  Generators — U.  G.  I.  Standard — up  and 
down  steam,  6'  sets. 

Operation. — Enricher — Gas  oil — 3,59  to  4.11  gallons  per 
thousand  (cor.)  Kind  of  fuel — Anthracite  grate.  Generator 
fuel  per  thousand  (cor.) — 27.31  to  30.48  pounds.  Hours  per 
day  works  operation  from  9.18  to  22.45.  Tests  are  made  at 
works  (A). 

Tests. — Tests  are  also  made  at  outlying  station  (B),  See 
next  page.  Samples  of  gas,  works  A,  taken  at  outlet  of 
station  governor.  Type  of  calorimeter — Junkers,  Type  of 
photometer — U.  G,  I.  Standard  60-inch  Bar.  Edgerton  Stan- 
dard checked  by  Pentane  lamp.  No.  7  lava  tip  burner.  Tem- 
perature of  atmosphere  ranged  from  —  20°  to  108°  F. 

Curves. — Zero  lines  represent  the  average  heating  power  or 
illuminating  power  for  12  months — Ai^ust  i,  191 1,  to  July 
31,  1912.  Average  heatii^  power  =  628  B.  t.  u.  Average  il- 
luminating power  ^  23.3  candle-power. 
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TESTS  AT  WORKS 
VARIATIONS  IN  HEATING  POWER 
lui.  Sept.  Oct.  Nm.  Dec.  Jan.  Feb.  Har.  Apr.  Mmji  Jone  July  Ans.  fiept.  Oct. 
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COMPANY  NO.  6. —{Continued) 

Tests. — Works  and  operating  data  given  on  preceeding  page. 
Tests  made  at  outlying  testing  station  (B).  Samples  of  gas 
taken  from  inlet  side  of  the  governor  on  the  outlet  of  exposed 
storage  holder.  For  course  of  gas  from  works  see  map  on 
page  613.  Type  of  calorimeter — Junkers — American  Meter 
Co.  Type  of  photometer — U.  G.  I.  Standard  60"  bar.  Pen- 
tane  lamp — standard.     No.  7  lava  tip  burner. 

Curves. — Zero  lines  represent  average  heating  power  or  il- 
luminating power  for  lo  months — January  i  to  October  31, 
1912.  Average  heating  power  =2624  B.  t.  u.  Average  illumi- 
nating power  :^  20.5  candle-power.  For  further  information 
see  Appendix  C,  page  614. 
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COMPANY  NO.  7. 

Works. — Carbureted  water  gas  plant.  Class  B — Table  I. 
Page  552.  Holders  exposed.  Generators — Western  Gas  Const. 
Co.,  7'  6"  sets. 

Operation. — Enricher — 34"  B.  gas  oil — 3.06  to  3.84  gallons 
per  thousand  (cor.)  Kind  of  fuel — Anthracite  coal.  Generator 
fuel  per  thousand  (cor.) — 31,7  to  35.4  pounds.  Hours  per  day 
works  operation  from  7.5  to  20.7. 

Tests. — Tests  are  made  at  works.  Samples  of  gas  taken 
from  outlet  of  station  governor.  Gas  has  been  exposed  to  at- 
mospheric temperature  in  city  holder.  Type  of  calorimeter — 
Junkers.  Type  of  photometer— Suggs-Letherby  open  type. 
Standard — Hefner  lamp  burning  imported  Amylacetate, 
Burner — Argand  F.  Temperature  of  atmosphere  ranged  from 
— 20"  to  95°  F. 

Curves. —Zero  lines  represent  average  heating  power  or  il- 
luminating power  for  12  months — August  i,  igii,  to  July  31, 
1912.  Average  heating  power  =  62T  B.  t.  u.  Average  illumi- 
nating power  ^=  22.7  candle-power. 
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COMPANY  NO.  8. 

Works. — Carbureted  water  gas  plant.  Class  C — Table  I. 
Page  552.  Holders  exposed.  Generators — 5'  and  7'  6"  sets. 
Pyrometers  on  sets. 

Operation. — Enricher — 28°  B.  oil — 3.5  to  4.65  gallons  per 
thousand  (cor.)  Kind  of  fuel — Broken  anthracite  and  from  80 
to  89  per  cent,  anthracite  remainder  gas  House  coke  during 
March,  April,  May  and  June.  Generator  fuel  per  thousand 
(cor.) — 35.90  to  40.8  pounds.  Hours  per  day  works  operat- 
ion from  8  to  23.S. 

Tests. — Tests  are  made  at  works  (A)  and  also  made  at 
testing  station  (B).  See  page  582.  Samples  of  gas  at 
works  (A)  taken  trom  distribution  main  governor  inlet.  Type 
of  calorimeter — Junkers  and  Sargent.  (Although  results  of 
tests  with  Sargent  calorimeter  were  reported,  they  have  not 
been  used  in  connection  with  accompanying  curves  to  avoid 
duplicating  curves  unnecessarily.)  Type  of  photometer — 60" 
Open  Bar.  U.  G.  I.  Standard — Genuine  English  Sperma- 
ceti candles  weighing  6  to  the  pound  Burner — No.  7  L.  P. 
Slit  Union  Bray  and  "New  F"  Argand  Sugg  pattern.  Tem- 
perature of  atmosphere  ranged  from — 3°  to  100°  F. 

Curves. — Zero  lines  represent  average  heating  power  or  il- 
luminating power  for  12  months — August  1,  191 1,  to  July  31, 
1912.  Average  heating  power*  =  616  B.  t.  u.  Average  il- 
luminating power  ^  20  candle-power. 

N.  B. — Average  heating  power  Sargent  same  period.  616 
B.  t.  u. 

*  See  also  Appendix  C,  page  624. 


D.»m.db,  Google 


58i 


TSSTS  AT  WORKS 
VARIATIONS  IN  HEATING  POWER 
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COMPANY  NO.  8, — {Continued) 
Works  and  operating  data  given  on  page  580. 

Tests. — Tests  made  at  testing  station  (B).  Samples  of  gas 
are  taken  direct  from  service  entering  buildii^  from  street 
main.  Type  of  calorimeter — Junkers.  Type  of  photometer 
— 60"  open  Bar.  American  Meter  Co.  Standard — Genuine 
Ei^lish  Spermaceti  candles  weighing  6  to  the  poimd.  Bur- 
ner— No.  7  L.  P.  Slit  Union  Bray  and  "New  F"  Ai^and 
Sugg  pattern. 

Curves. — Zero  lines  represent  average  heating  power  or  il- 
luminating power  for  12  months — August  I,  1911,  to  July  31, 
igi2.  Average  heating  power  =  609  B.  t.  u.  Average  il- 
luminating power  =r  20.2  candle-power. 
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COMPANY  NO,  9. 

Works. — Carbureted  water  gas  plant.  Class  A — Table  I. 
Page  552.  Holders  exposed.  Generators — 11'  x  16'  7"  and 
12'  X  16'  7"  Lx)we  reverse  steam  sets.  Indicating  and  Record- 
ing Pyrometers. 

Operation. — Enricher — 28°  B.  gas  oil — 3.41  to  4.34  gallons 
per  thousand  (cor.)  Kind  of  fuel — Anthracite.  Generator  fuel 
per  thousand  (cor.) — 30.45  to  32.67  pounds.  Hours  per  day 
works  operation — continuous  running. 

Tests. — Tests  are  made  at  testing  station  exceeding  i  mile 
from  works.  Samples  of  gas  taken  directly  from  service 
entering  building  from  the  street  main.  Gas  has  been  ex- 
posed to  atmospheric  temperature  in  holders  and  ground  tem- 
peratures in  mains.  Type  of  calorimeter^Junkers,  Type 
of  photometer — 60"  open  Bar,  American  Meter  Co.  Stand- 
ard— Genuine  English  Speritiaceti  candles  weighing  6  to  the 
pound.  Burners — No,  7  L.  P.  Slit  Union  Bray  and  "New 
F"  Argand  Sugg  pattern.  Temperature  of  atmosphere  ranged 
from — 2°  to  98°  F. 

Curves. — Zero  lines  represent  the  average  heating  power  or 
illuminating  power  for  12  months — August  i,  1911,  to  July 
31,  1912.  Average  heating  power  — 609  B.  t.  u.  Average 
illuminating  power — 20.7  candle-power. 
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COMPANY   NO.   ID. 

Works. — Carbureted  water  gas  plant.  Class  B — Table  I. 
Page  552.  Storage  holder  exposed.  Relief  holder  housed. 
Generators^-5'  Western  Gas  Const.  Co.  sets,  one  with 
no  down-run  valve,  one  with  down-run  valve. 

Operation. — EnrJcher — 28°  to  34°  B.  gas  oil — ^3.91  to  447 
gallons  per  thousand  (cor.)  Kind  of  fuel — Anthracite  grate. 
Generator  fuel  per  thousand  (cor.) — 38.3  to  46.9  pounds. 
Hours  per  day  works  operation — 3  '/^  to  I5J^. 

Tests. — Tests  are  made  about  J4  i"il«  from  works.  Samples 
of  gas  taken  direct  from  regular  service  into  the  building. 
Gas  has  been  exposed  to  atmospheric  temperatures  in  holder 
and  to  ground  temperature  in  mains.  Type  of  calorimeter — 
Sargent.  Type  of  photometer— 80"  closed  Bar.  American 
Meter  Co.  Standard— Candles.  Burner — Either  "New  F" 
Ai^nd  or  No.  7  Slit  Union  Bray,  Temperature  of  atmo- 
sphere not  reported. 

Curves. — Zero  lines  represent  the  average  heating  power 
or  illuminating  power  for  12  months — October  i,  igii,  to 
September  30,  1912.  Average  heating  power  =  626  B,  t.  u. 
Average  illuminating  power  ^  21  candle-power. 
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COMPANY    NO.    II. 

Works. — Mixed  coal  and  carbureted  water  gas  plant. 
Class  A — Table  I.  Page  552.  Holders  exposed.  Generators 
8'  6",  10'  o",  10'  o"  Twin  Gen.,  U.  G.  I.  sets.  Benches — 10 
Parker-Russell  9s. 

Operation. — Water  gas — Enricher — 35°  to  37°  B.  gas  oil — 
3.77  to  4.48  gallons  per  thousand  (cor.)  Kind  of  fuel — Anth- 
racite coal,  retort  coke  and  oven  coke.  Generator  fuel  per 
thousand  (cor.) — 32.27  to  36.19  pounds.  Hours  per  day  works 
operation — continuous  running.  Coal  gas — Kind  of  coal — 
Pennsylvania  gas  coal.  Yield  per  pound  coal  cor.  gas — 4.71 
-  to  4.96  cubic  feet.  Duration  of  charge — 4  hours.  Mixed 
gas — Mixture  from  16.4  per  cent,  coal  gas  and  83.6  per  cent, 
water  gas  to  24.7  per  cent,  coal  gas  and  75.3  per  cent,  water 
gas. 

Tests. — Tests  are  made  at  works.  Tests  were  made  of  the 
carbureted  water  gas,  of  the  coal  gas  and  also  of  the  mixed 
gas.  Type  of  calorimeter — ^Junkers — American  Meter  Co. 
Type  of  photometer — not  reported.  Burner — No.  7  Bray 
Slit  Union,  Temperature  of  atmosphere  ranged  from — 4° 
to  94°  K, 

Curves. — The  curves  given  below  are  for  the  mixed-coal 
and  carbureted  water  gas.  (Curves  for  straight  coal  gas 
are  on  page  590).  Zero  lines  represent  average  heating 
power  or  illuminating  power  for  12  months — August  i,  1911, 
to  July  31,  1912.  Average  heating  power  =  638  B.  t.  u. 
Average  illuminating  power  =  20.6  candle-power. 
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COMPANY  NO.   i\.  —  (Conlinued) 

Unenriched  coal  gas. 

Data  regarding  works,  operation  and  tests  are  given  on 
page  s88. 

Curves. — Zero  lines  represent  average  heatii^  power  or  il- 
luminating power  for  12  months — August  i,  191  r,  to  July  31, 
1912.  Average  heating  power  =  611  B.  t.  u.  Average  illum- 
inating power  =  14.3  candle-power. 
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IVorks. — Mixed  coal  and  carbureted  water  gas  plant.  Class 
A^Table  I.  Page  552.  One  holder  exposed,  others  housed. 
Generators— 7'  6"  H.  &  G.  and  8'  6"  U.  G.  I.  Benches— J^ 
depth  horizontal. 

Operation. — Water  gas — Enricher — 35°  B.  gas  oil — 3.52  to 
4.33  gallons  per  thousand  (cor.)  Kind  of  fuel — Retort  house 
coke.  Generator  fuel  per  thousand  (cor.) — 27.96  to  33.45 
pounds.  Hours  per  day  works  operation — continuous  running. 
Coal  gas — Kind  of  coal — Pennsylvania  gas  coal.  Yield  per 
pound  coal  (cor.)  gas — 4.55  to  5.22  cubic  feet.  Duration  ot 
charge — 4  hours.  Mixed  gas^ — Mixture  from  19.21  per  cent, 
coal  gas  and  80.79  P^'  cent,  water  gas  to  26.8  per  cent,  coal 
gas  and  73.2  per  cent,  water  gas. 

Tests. — Tests  are  made  at  works.  Samples  of  gas  taken 
at  inlet  to  works  governor.  Type  of  calorimeter — ^Junkers. 
Type  of  photometer — 60"  Standard  U.  G.  I.  Bar  Stand- 
ard— Edgerton  standard  checked  daily  by  Pentane  lamp 
Burner — 7'  lava  tip  burner.  Temperature  of  atmosphere 
ranged  from — 8"   116°  F. 

Curves. — Zero  lines  represent  average  heating  power  or  il- 
luminating power  for  12  months — August  i,  1911,  to  July  31, 
1912.  Average  heating  power  =  622  B.  t.  u.  Average  illum- 
inating power  ^  21.2  candle-power. 
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COMPANY  NO.   13. 

Works. — Mixed  coal  and  carbureted  water  gas  plant.  Class 
C. — Table  I.  Page  552.  Holders  housed.  Generator — 6 
feet  Lowe  set. 

Operation. — Water  gas — Enricher — gas  oil — 3.4  to  4.3  gal- 
lons per  thousand  (cor.)  Kind  of  fuel — Coke.  Generator  fuel 
per  thousand  (cor.)^4i.09  to  48  pounds.  Hours  per  day  works 
operation  from  2  hours  43  minutes  to  12  hours  45  minutes. 
Coal  gas — Kind  of  coal.  Pennsylvania  yield  per  pound  coal 
(cor.) — 4.75  to  5.5  cubic  feet.  Duration  of  charge — from  4 
hours  to  6  hours  20  minutes.  Mixed  gas — Mixture  from  53 
per  cent,  coal  gas  and  47  per  cent,  water  gas  to  68  per  cent, 
coal  gas  and  32  per  cent,  water  gas. 

Tests. — Tests  are  made  at  office.  Type  of  calorimeter — 
Junkers,  Temperature  of  atmosphere  not  reported  regularly 
—from — 10°  to  probable  100°  F. 

Curves. — Zero  lines  represent  average  heating  power  or  il- 
luminating power  for  12  months — August  i,  191 1,  to  July 
31,  1912.  Average  heating  power  =  630  B.  t.  u.  Average 
illuminating  power  =  18.5  candle-power. 
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COMPANY   NO.    14- 

IVorks. — Mixed  coal  and  carbureted  water  gas  plant.  Class 
Class  C — Table  I.  Page  552.  Holders — at  works,  exposed. 
Outlying,  housed.  Generators — 5'  double  superheater,  Lowe 
set.  U.  G.  I.  pattern  with  down-run  connections.  Benches — 
J^  depth  benches  of  6s  by  Improved  Equipment  Co. 

Operation. — Water  gas — Enricher — gas  oil — 3.93  to  4.63 
gallons  per  thousand  (cor.)  Kind  of  fuel — Gas  coke.  Genera- 
tor fuel  per  thousand  (cor.) — 34.37  to  39.28  pounds.  Hours 
per  day  works  operation  from  5  hours  38  minutes  to  17  hours 
15  minutes.  Coal  gas — Kind  of  coal — Pennsylvania.  Yield  per 
pound  coal  (cor.) — 4.29  to  4.96  cubic  feet.  Duration  of  charge 
— 4  hours.  Mixed  gas — Mixture  from  31.18  per  cent,  coal  gas 
and  68.82  per  cent,  water  gas  to  54  per  cent,  coal  gas  and 
'46  per  cent,  water  gas. 

Tests. — Tests  made  at  office  ^yi  miles  from  works.  Samples 
of  gas  taken  from  regular  distribution  main  through  service 
entering  building.  Type  of  calorimeter — Junkers — American 
Meter  Co.  Type  of  photometer — 60'  open  Bar,  U.  G, 
I.  Standard — Double  candles.  Burner — Sugg  F  or  occasion- 
ally Sugg  D  or  Bray  special.  Temperature  of  atmosphere 
ranged  from  22°  to  84°  F. 

Curves. — Zero  lines  represent  average  heating  power  or 
illuminating  power  for  7  months — April  i  to  October  31, 
1912.  Average  heating  power  =  616  B.  t.  u.  Average 
illuminating  power — -18.7  candle-power. 
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COMI'ANY  NO,  15. 

fFoffT.— Carbureted  water  gas  plant.  Class  A — Table  I. 
Page  552.  Holders  exposed.  Generators — 9'  and  12* 
Williamson. 

Operation.— Unridxer — 34.1°  B.  gas  oil.  Kind  of  fuel — 
Anthracite  coal  and  coke.  Hours  per  day  works  c^ration — 
12  to  i8  hours.  For  information  regarding  transmission,  see 
map,  page  616,  and  explanation  of  tests,  pages  555  and  556. 
Tsts  not  having  been  started  until  September  i,  1912,  no 
diagram  has  been  made  of  the  results. 


COMPANY  NO.  16. 

!Vorks. — Carbureted  water  gas  plant.  Class  B — Table  I, 
Page  552.    Holders  exposed. 

Operation. — Enricher— Gas  oil — 3.60  to  4.ZI  gallons  per 
thousand  (cor.)  Kind  of  fuel — Anthracite.  Generator  fuel  per 
thousand  (cor.) — 33.82  to  41  pounds.  Hours  per  day  works 
operation  from  6.24  to  14.4. 

7'c.r/j.— Tests  are  made  at  testing  station,  ij^  miles  from 
works.  Type  of  calorimeter— Sargent.  Temperature  of  at- 
mosphere ranged  from  2°  to  102°  F. 

Curves. — Zero  lines  represent  average  heating  power  or 
illuminating  power  for  9  months — February  i  to  October  31, 
1912.  Average  heating  power  —  625  B.  t.  u.  Average  illu- 
minating power  =  20.9  candle-power. 
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7.  The  accompanying  diagram  has  been  prepared  for  the 
purpose  of  demonstrating  the  fallacy  of  the  impression  which 
still  exists  in  some  quarters  that  there  is  a  definite  relation 
between  the  illuminating  power  and  the  heating  power  of  the 
gas.  The  results  of  all  tests,  made  at  the  works,  of  coal  gas, 
carbureted  water  gas,  and  mixed  coal  and  carbureted  water 
gas,  have  been  considered  in  the  preparation  of  this  diagram 
with  the  exception  of  tests  of  unenriched  coal  gas.  Tests 
showing  a  heating  power  below  575  or  above  650  have  also 
been  excluded,  as  they  were  exceptional  and  as  they  were 
doubtless  due  to  some  extraordinary  conditions. 

8.  With  the  exceptions  noted,  all  of  the  results  obtained 
during  the  fifteen  months  covered  by  the  tests  when  plotted 
fall  within  the  shaded  portion  of  the  diagram.  In  other  words, 
gas  ha\ing  a  heating  power  of  575  B.  t.  u.  has  been  .shown  to 
have  an  illuminating  power  anywhere  between  the  limits  of 
16.6  and  21.4  candle-power.  Similarly,  gas  of  620  B.  t-  u.  is 
sliown  to  have  an  illuminating  power  anywhere  between  the 
limits  of  16.8  and  25.6  candle-power. 

9.  It  might  have  been  expected  that  the  limits  would  be 
fairly  wide  apart  in  all  cases,  but  that  the  tendency  of  the 
shaded  portion  of  the  diagram  would  follow  a  direction  cor- 
responding to  higher  candle-power  for  higher  heating  values. 
Possibly  if  all  of  the  tests  were  plotted  and  the  values 
weighted  a  tendency  of  this  character  would  be  noted.  It 
is,  however,  a  fact  that  the  minimum  candle-power,  reported 
at  any  time  14.9  candle-power,  was  found  when  the  gas  had  a 
heating  power  of  590  B.  t.  u.  and  that  the  next  lowest  candle- 
power,  15. 1  candle-power,  was  found  when  the  gas  had  a  heat- 
ing power  of  638  B.  t.  u.  Similarly,  the  highest  candle-power 
reported,  26,8  candle-power,  occurred  when  the  gas  had  a 
heating  power  of  634  B.  t.  u. ;  the  next  highest  candle-power, 
26.6  candle-power,  occurred  when  the  gas  had  a  heating  power 
of  629  and  632;  the  third  highest  candle-power,  26.5  candle- 
power  occurred  on  five  occasions,  the  gas  having  heating  power 
of  603,  627, 633,  634  and  639. 

(See  Diagram  on  page  601.) 


Dicnzed  by  Google 


Range  in  candle-power,  at  works,  of  gas  having  heating  values  of  rrom  575  te 


D.gnzed  by  Google 


MANUFACTURE    AND    DISTRIBUTION    WITH    REFERENCE    TO    IL- 
LUMINATING VALUE  AND  HEATING  VALUE 

UNENRICHED  COAL  GAS 

1.  Only  one  Company  (No.  ii)  participating  in  the  inves- 
tigation reported  the  illuminating  value  and  heating  value  of 
straight  unenriched  coal  gas.  From  the  reports  submitted  it 
has  been  found  that  the  average  illuminating  value  of  this  coal 
gas,  for  a  full  year,  as  read  at  the  manufacturing  plant,  is  14.3 
candle-power,  with  a  maximum  individual  daily  reading  of 
18.1  and  a  minimum  of  11.4 — on  a  No,  7  Bray  special  burner. 
This  gas  is  reported  to  be  made  from  the  best  gas  coal  obtain- 
able, and  generated  under  good  average  conditions  in  hori- 
zontal retorts,  with  yields  of  only  4.71  to  496  cubic  feet. 

2.  The  present  State  requirements  demand  at  the  testing 
station  a  16  candle-power  coal  gas.  It  will  be  seen  that  under 
these  requirements,  the  manufacture  and  sale  of  straight  coal 
gas,  without  enrichment,  is  not  permissable.  To  meet  the  re- 
quirements a  coal  gas  must  be  enriched  the  greater  part  of  the 
year  with  either  gas  made  from  cannel  coal  or  gas  made  from 
oil. 

3.  Should  a  coal  gas  be  enriched  by  mixing  with  a  carbur- 
eted water  gas,  the  gas  would  then  be  classified  as  a  mixed 
gas  and  the  present  requirements  would  demand  18  candle- 
power.  To  obtain  this  result  would  mean  a  large  percentage 
of  a  high  candle-power  water  gas— from  22  to  25  candle- 
power — to  bring  the  mixture  up  to  the  required  quality,  an 
increasingly  difficult  process  with  the  deterioration  in  the 
quality  of  oil  obtainable. 

4.  The  enrichment  of  coal  gas  with  a  gas  made  from  cannel 
coal  is  not  generally  practiced.  The  coke  made  from  this  coal 
is  of  little  value  as  a  by-product,  and  if  mixed  with  the  coke 
obtained  from  gas  coal,  reduces  the  value  of  the  entire  product, 
thus  increasing  the  cost  of  manufacture  without  compensating 
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results  in  the  quality  of  gas  thus  obtained.  The  supply  of  a 
good  grade  of  cannel  coal  is  limited,  and  if  generally  used,  it  is 
doubtful  whether  an  adequate  supply  could  be  obtained.  This 
method  of  enrichment  is  used  only  under  peculiar  and  un- 
usual conditions. 

5.  Enrichment  with  heavy  oil  by  generating  oil  gas  in  coal  • 
gas  retorts  has  been  considered  generally  inefficient  and  ex- 
pensive ;  and  light  oils  are  no  longer  available.  It  is  a  prac- 
tice that,  where  possible,  has  been  abandoned  by  nearly  all 
coal  gas  companies ;  but  some  method  of  enrichment  is  com- 
pulsory under  the  present  requirements  of  this  State. 

6.  Benzol  enrichment,  so-called,  consists  of  adding  light  oil 
vapors  in  the  shape  of  benzol  and  toluol  to  the  gas  in  the  form 
of  a  spray,  to  increase  its  illuminating  value.  This  increase 
is  only  effective  under  certain  favorable  conditions  and  is  lost, 
to  some  extent,  when  the  gas  is  further  subjected  to  low  tem- 
peratures or  high  pressures.  {See  pages  608  and  609,  para- 
graphs 25,  26  and  27.) 

7.  In  enriching  coal  gas  by  making  a  mixed  gas,  the  pres- 
ent standards  demand  an  illuminating  value  two  candles 
higher  than  required  for  coal  gas.  This  method  of  manu- 
facture was  employed  ty  Companies  11,  12,  13  and  14,  but 
only  one  of  these  Companies  { 1 1 )  reported  the  illuminating 
value  and  heating  value  of  the  two  gases  separately,  and  it 
will  be  seen  from  the  following  table,  which  is  a  summary  of 
its  results,  that  a  corresponding  increase  in  the  heating  value 
was  not  obtained  in  the  effort  to  bring  the  illuminating  value 
of  the  mixed  gas  up  to  the  required  standard.  It  is  seen  that 
while  the  illuminating  value  of  the  coal  gas  is  increased  about 
45  per  cent.,  the  heating  value  is  only  increased  5  per  cent.  It 
should  also  be  noted  that  the  coal  gas  is  mixed  with  three  to 
four  times  its  own  volume  of  carbureted  water  gas  of  high 
illuminating  value. 


Carbureted 

Mixed  ^ 

lUutuinatiDg  value- 

■     14.3  C-p. 

Ts'c'p' 

20.6  C-p. 

Colorific  value 

6o9B.t.u. 

647B.t.u. 

639  B.t 
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8.  The  results  of  the  entire  fifteen  months'  readii^s  by  this 
Company,  as  reported  to  the  Committee,  on  the  illuminating 
value  and  the  heating  value  of  the  straight  coal  gas,  are  shown 
below. 


9,  This  gas  was  made  from  Pennsylvania  gas  coal  in  stop 
end  retorts  and  Js'  straight  coal  gas  without  enrichment ;  the 
illuminating  value  being  determined  on  a  No.  7  Bray  special 
burner.  The  minimum  day's  reading  for  each  month  and 
the  average  for  the  month,  are  shown,  as  well  as  the  average 
for  the  entire  fifteen  months.  (See  also  Appendix  B,  pages 
34  and  35.) 

Company  No.  ii. 
Straight  Unknbichkd  Co  At  Gas. 


August,  191  [  . 
September  .  - . 

October 

November  -  - . . 
December.... 
January,  1912- 
Pebmary 

May 

J"iy 

September  - . . 
October 

Minimum 


Minimum 

Avinge 

'3-3 

14.9 

'3-3 

'5.3 

II. 7 

'35 

11.5 

13.8 

L3.7 

14.2 

12.4 

13-7 

13.4 

13-7 

12.2 

14-9 

11.4 

13.5 

12.6 

14.7 

13-9 

"5-3 

H.5 

14.3 

12.3 

'3-7 

II. 7 

14.1 
13- 1 

10.  The  following  figures  (Par.  11)  show  the  result  from  a 
coal  gas  plant — not  participating  in  the  investigation — using 
coal  with  a  volatile  constituent  of  36  per  cent.,  by  weight,  and 
producing  a  straight  unenriched  coal  gas. 

11.  The  generators   and  settings   are   designed   to  give  a 
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maximum  yield  of  gas  per  pound  of  coal.  The  retorts  are 
set  horizontally  and  machine  stoked.  All  results  are  cor- 
rected as  to  temperature  and  pressure.  The  burner  is  the  new 
Sugg  F,  Argand.  The  heat  unit  averages  are  the  result  of 
ten  calorimetric  tests  per  month.  A  year's  results  are  as 
follows : 

Attnge  Avenge  Yield 

heatlDS  lllumiakling                perpoupd 

vBlucotKBs  nlucofgas  coal 

Uonth              '          B.  t.  n.  candle-power              cubic  feet 

January 556.1  14.54  S-36 

February 567.3  14.79  S-i? 

March 573-7  14-79  S-36 

April 568.3  14.3a  s.ji 

May 594.a  U-Si  5'S 

June 600.5  14.74  5-24 

July 600.9  14. 16  5. 19 

August  602.3  14-3'  5-28 

September 596.6  14.34  5.21 

October 599-6  14.30  519 

November 589.1  14.14  5.20 

December 583.0  14.64  5.17 

Minimum 556.1  1414  5.17 

12.  For  the  purpose  of  confirming  the  above  results,  we 
submit  the  average  candle-power  of  straight  unenriched  coal 
gas  manufactured  by  two  large  gas  plants,  for  each  month 
covering  a  period  of  two  years. 

13.  These  values,  which  are  the  averages  of  hourly  readings, 
are  indicative  of  the  illuminating  value  that  may  be  obtained  in 
an  efficiently  managed  plant,  using  the  best  West  Virginia  gas 
coal,  in  horizontal  retorts.  Candle-power  readings  were  made 
each  hour  of  the  twenty-four,  on  a  No.  7  flat  flame  burner 
against  a  pentane  lamp.  Candle-power  variations  are  due 
largely  to  changes  from  freshly  mined  coal  to  stored  coal. 
Yield  slightly  in  excess  of  5  feet  per  pound- 
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Jonnaij 13.61 

Februarj- 12.40 

March ti.oo 

April IS.69 

May 11.65 

July   11.4* 

August 11.35 

September  "-39 

October  11. 11 

November 11.60 

December 11.59 

Average 11.97 


13-30 
13.61 
'3-34 


13.65 
13.34 
13.50 


MCENT   DgVELOPMENTS   IN    COAL   GAS   MANUFACTURE 

14.  Recent  developments  in  connection  with  the  manufac- 
ture of  coal  gas  have  appeared  in  the  form  of  vertical  gas 
retorts  and  chamber  ovens.  Among  the  features  of  these 
types  of  installation  have  been  improvements  in  the  methods 
of  handling  materials  and  by-products.  The  character  of  con- 
struction of  these  retorts  has  permitted  the  adoption  of  devices 
for  charging  coal  and  discharging  coke  that  have  eliminated 
much  of  the  heavy  work  of  stoking  labor,  which  is  particu- 
larly arduous  during  the  hot  summer  months. 

15.  The  installation  of  these  types  of  retorts  has  been  of 
benefit  in  the  saving  of  ground  space  occupied  and  in  some 
instances  in  overcoming  the  ventilation  retort  house  problems 
during  the  time  of  charging  and  discharging. 

16.  Gasifying  coal  in  bulk  in  relatively  large  units  has  al- 
lowed a  longer  time  for  carbonization  of  the  chaise,  and  has 
been  somewhat  effectual  in  increasing  the  total  yield  of  gas 
from  an  equal  quantity  of  coal,  with,  however,  a  slight  re- 
duction in  the  heating  value  and  illuminating  value  per 
thousand. 
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17.  Lengthening  the  carbonizing  time  has  been  helpful  in 
increasing  the  total  heat  in  resultant  gas,  per  ton  of  coal 
carbonized,  thereby  producing  a  general  economic  saving. 

18.  Developments  along  this  line  are  showing  rapid  im- 
provements at  the  present  time  and  it  seems  advisable  that 
the  quality  requirements  of  a  gas  should  be  so  placed  as  to 
allow  the  adoption  and  use  of  these  more  recent  methods 
in  the  manufacture  of  coal  gas  throughout  this  State. 

COKE  ovEn  gas 

19.  During  the  past  decade  a  large  number  of  coke  oven 
plants  have  been  erected  throughout  the  United  States. 
Many  of  these  plants  were  installed  in  connection  with  in- 
dustrial undertakings,  requiring  coke  for  their  operation,  and 
where  they  have  been  compelled  to  sedc  a  market  for  the 
by-product  gas. 

20.  In  many  instances  the  coals  used  by  these  coke  ovens 
were  selected  for  their  ability  to  produce  a  good  metallurgical 
coke  and  often  these  ovens  were  not  operated  to  handle  by- 
product gas  most  efficiently.  But  in  later  years  the  methods 
of  operating  coke  ovens  have  been  somewhat  modified,  with 
the  result  that  the  quality  of  the  gas  has  been  much  im- 
proved. With  a  selection  of  coals  better  suited  for  gas- 
making  purposes,  a  better  quality  of  gas  may  be  expected 
from  the  coke  ovens.  But  where  these  ovens  are  operated 
for  the  purpose  of  producing  a  high-grade  furnace  coke, 
and  not  primarily  for  the  production  of  gas,  the  so-called 
best  gas  coals  cannot  be  used  to  the  best  advantage,  and, 
therefore,  wc  probably  will  not  see  the  highest  quality  of 
coal  gas  made  in  coke  oven  plants. 

21.  A  number  of  instances  have  already  arisen  where  such 
by-product  coke  oven  gas  could  have  been  utilized  to  advan- 
tage. The  heating  value  approached  that  of  unenriched 
retort  coal  gas,  and  could  have  been  made  to  equal  it  by  en- 
richment, or  mixture  with  carbureted  water  gas.  The  illu- 
minating value,  however,   could   not  be  brought  up   to  the 
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present  requirements,  except  by  enriching  costs  that  were 
commercially  prohibitive,  or  by  using  too  large  a  percentage 
of  carbureted  water  gas,  and  therefore  the  supply  could  not 
be  availed  of.  To  permit  the  utilization  of  this  gas  by  proper 
standards  would  prevent  this  useless  waste,  and  would  con- 
stitute a  great  economic  saving. 

22.  It  seems  probable  that  such  situations  will  occur  more 
frequeiitty  in  the  future  than  in  the  past  and  it  would  appear 
to  be  good  public  policy  to  permit  the  use  of  such  gas  for 
general  distribution. 

23.  Coke  oven  gas  has  been  used  by  many  gas  companies 
in  other  States,  in  whole  or  in  part,  for  distribution  to  general 


24.  The  treatment  of  this  gas,  in  a  number  of  instances, 
by  manufacturing  companies,  however,  is  quite  different  from 
that  of  ordinary  coal  gas  produced  by  gas  companies,  in  that 
the  operators  of  the  coke  ovens  scrub  the  gas  and  remove  the 
light  oil  vapors,  consisting  of  benzol,  toluol  and  xylol,  reducing 
to  a  considerable  extent  its  illuminating  value,  at  the  same 
time  reducing  in  a  slight  degree  only  its  heating  value. 

25.  In  a  number  of  cases  where  coke  oven  gas  has  been  pur- 
chased by  the  gas  companies,  its  illuminating  value  has  been 
restored  by  the  addition  of  refined  benzol  to  a  value  even 
greater  than  that  of  the  gas  before  it  was  first  scrubbed. 

26.  This  method  of  increasing  the  low  illuminating  value 
of  this  gas  has  been  the  result  of  a  requirement  for  a  higher 
illuminating  value,  which  has  been  obtained  without  a  cor- 
responding increase  in  heating  value.  And  the  addition  of 
this  increase  in  illuminating  value  may  not  be  considered  at 
all  times  to  be  permanent.  Under  certain  conditions  where 
the  unfixed  hydro  carbon  vapors  have  been  removed  in  a 
previous  washing  and  scrubbing  of  the  gas,  the  imparted  en- 
richment from  benzol  is  more  effective,  as  the  gas  is  in  a 
condition  to  absorb  these  vaporous  hydro-carbons  having 
such  a  relatively  low  percentage  of  saturation.     Under  these 
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conditions  the  increased  illuminating  value  will  stand  with 
rather  severe  changes  in  temperature  and  pressure,  and  the 
gas  may  be  considered  suitable  for  general  consumption 
where  the  illuminating  requirements  are  low,  but  where  a 
normal  heating  value  is  demanded. 

27.  But,  as  a  general  rule,  the  enrichment  or  increase  in 
illuminating  value  of  any  gas,  by  the  addition  of  benzol,  may 
not  be  considered  permanent  and  its  addition  has  a  tendency 
to  create  a  gas  variable  in  quality  when  delivered  to  the 
consumer  and  objectionable  because  of  carbon  deposit  in 
burners  and  mantles. 

28.  Carbureted  water  gas  has  been  used  as  an  enricher 
for  coke  oven  gas,  and  its  use  may  be  successfully  employed 
where  the  requirements  do  not  demand  an  illuminating  value 
above  that  of  unenriched  retort  coal  gas,  but  otherwise  the 
quantity  of  carbureted  water  gas  necessary  for  this  enrich- 
ment results  in  too  great  a  proportion  of  the  total  amount  of 
gas  supplied. 

29.  Carbureted  water  gas  may  be  used  to  advantage  to 
provide  any  deficiency  in  supply  and  to  take  care  of  the  peak 
loads  where  the  coke  oven  gas  is  produced  at  a  uniform 
rate  from  day  to  day,  and  provide  reserve  in  times  of  a  de- 
pressed market  for  furnace  coke. 

CARBURETED   WATER  GAS 

30.  An  analysis  of  the  records  of  the  Companies  manu- 
facturing carbureted  water  gas,  and  reporting  their  results, 
shows  a  great  variation  in  both  illuminating  value  and  heat- 
ing value,  and  proves  conclusively  that  there  is  no  positive 
relation  between  illuminating  value  and  heating  value. 

31.  It  has  been  proven,  however,  that  in  general  the  car- 
bureted water  gas  of  the  highest  average  illuminating  value 
has  had  the  highest  heating  value,  as  the  illumination  im- 
parted to  the  open  flame  is  a  function  of  the  quantity  as  well 
as  the  quality  of  oil  used  considering  the  manufacturing  ap- 
paratus is  operated  with  equal   efficiency.     It  has  also  been 
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demonstrated  that  the  heating  value  is  a  factor  of  the  quan- 
tity of  oil  used,  but  there  are  limits  to  the  quantity  of  oil 
that  can  be  efficiently  handled  and  turned  into  a  constituent 
gas. 

32.  Therefore  gases  of  equal  illuminating  value  does  not 
necessarily  have  equal  heating  value  and  vice  versa.  This  is 
true  of  the  gas  when  maufactured,  without  introducing  any  of 
the  uncertain  elements  of  distribution.  Such  a  condition  is 
due  more  particularly  to  the  variation  in  oil  efficiencies  ob- 
tained in  producing  illuminating  value  and  which  are  occa- 
sioned by  different  types  of  generating  apparatus  and  differ- 
ent methods  and  constituents  of  operation,  as  well  as  the 
quality  of  the  oil  available.  These  economies  or  efficiencies 
are  greatly  influenced  by  climatic  and  temperature  conditions, 
which  cause  extreme  variations  between  the  warm  summer 
months  and  the  cold  winter  months.  And  the  economic  re- 
sults obtained  by  scientiBcally  operated  plants  cannot  be  ex- 
pected of  all  plants  throughout  an  entire  State. 

33.  In  the  plants  of  the  reporting  Companies,  the  conditions 
of  gas  manufacture  vary  greatly  and  some  variation  in  the 
results  obtained  was,  therefore,  to  be  expected.  At  the  same 
time,  the  location  of  the  testing  station,  whether  at  the  works 
or  at  some  remote  point, in  the  distribution  system,  introduced 
factors  that  had  to  be  considered  in  making  an  analysis  of 
the  results  obtained.  We  believe,  however,  that  the  reports 
indicate  what  may  be  considered  as  good  practice,  represent- 
ing fair  and  average  conditions  of  operation,  and  that  the  con- 
clusions drawn  are  based  on  representative  data. 

34.  As  regulatory  requirements  have  frequently  been  based 
on  monthly  averages,  an  analysis  has  been  made  of  the  re- 
sults obtained  by  months,  and  from  these  results  have  been 
calculated  the  heating  value  imparted  to  the  carbureted 
water  gas  per  gallon  of  oil  employed  in  maufacture. 

35.  From  the  tests  made  by  six  of  the  Companies  the  heat- 
ing value  of  the  gas,  as  read  at  the  works,  for  a  whole  jrear, 
averaged    162  heat  units  per   cubic   foot,   per  gallon   of  oil 
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used  per  thousand  cubic  feet;  while  the  average  obtained  in 
the  summer  months  was  i68  and  in  the  winter  months  i57- 
The  minimum  monthly  average  for  all  plants  was  151  heat 
units.  These  same  tests  show  that  in  one  plant  the  average 
for  an  entire  month  was  only  141  heat  units  per  gallon  of 
oil  used.  The  indications  are  that  a  yearly  average  of  130 
heat  units  per  gallon,  per  thousand  cubic  feet,  can  be  obtained 
with  good  operating  conditions. 

36.  It  is  evident  from  the  reports  made  by  four  of  the 
Companies,  testing  at  a  point  some  distance  from  the  works, 
that  the  heating  value  delivered  would  be  somewhat  below  this 
figure.  These  plants  show  a  yearly  average  of  154  heat  units 
per  gallon  of  oil  used,  with  an  average  of  167  during  the 
summer  months,  and  an  average  of  146  heat  units  during 
the  winter  months.  The  minimum  for  all  plants  for  any 
month  occurred  during  January,  when  142  heat  units  per 
gallon  of  oil  was  delivered,  with  an  individual  pbnt  average 
in  any  month  of  139  heat  units  per  gallon. 

37.  The  above  figures  indicate  that,  on  the  basis  of  the 
average  quantity  of  oil  used  in  these  ten  plants  during  twelve 
months,  at  least  150  heat  units  per  gallon  of  oil  during  the 
winter  months  may  be  expected  when  measurements  are 
taken  at  the  works,  or  140  heat  units  per  gallon  of  oil  when 
measured  at  a  point  some  distance  from  the  works. 

38.  The  quantity  of  oil  used  as  an  average  by  all  the  com- 
panies was  about  3.9  gallons,  and  if  this  is  considered  as  a 
normal  quantity  to  be  used,  then  the  average  heating  value 
for  any  one  month,  of  a  gas,  as  read  at  the  works  would  bi 
3.9x150  or  585  heat  units. 

39.  The  average  quantity  of  oil  used  in  the  above  deduc- 
tion represents  the  conditions  when  maufacturing  gas  to  meet 
the  present  illuminating  standard.  To  meet  such  a  standard 
requires  the  manufacture  of  a  gas  having  an  illuminating 
value  of  from  6  to  8  per  cent,  higher  than  that  specified  in 
the  standard,  on  account  of  the  impossibility  of  manufactur- 
ing gas  of  an  exact  illuminating  value  and  the  necessity  for 
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an  excess  in  quality  to  allow  for  variable  losses  due  to  hand- 
ling, to  transmi fusion  and  to  changes  in  temperature. 

EFFECT  OP  DISTRIBUTION  ON  THE  HEATING  AND  ILLUJlINATINfi 
VALUES 

40.  In  addition  to  determining  the  heating  value  and  the 
illuminating  value  of  gas  as  generated  at  and  ddivered  from 
various  gas  plants,  it  was  deemed  essential  by  the  Committee 
to  discover — as  far  as  the  present  operating  conditions  would 
permit — the  effect  on  the  quality  of  the  gas  of  transmission 
through  distribution  systems.  It  was  known  that  losses  in 
the  quality  of  a  gas  occur  during  transmission,  caused  by 
the  scrubbing  action  on  the  gas  in  passing  through  the  mains, 
which  is  aggravated  by  a  reduction  in  temperature  and  by 
any  increase  in  pressure.  Readings,  therefore,  were  taken, 
where  opportunity  permitted,  to  determine  the  extent  of  losses 
due  to  these  factors. 

41.  At  the  banning  of  the  investigation  there  was  little 
authoritative  data  available  relating  to  this  question.  At  the 
suggestion  of  the  committee,  however,  some  experiments  were 
undertaken  to  determine  the  effect  of  distribution  under 
varying  conditions. 

42.  During  a  period  of  eleven  months,  beginning  January 
1912,  readings  were  taken  by  one  of  the  participating  Com- 
panies (No.  6)  of  the  illuminating  value  and  heating  value 
of  carbureted  water  gas  as  manufactured,  and  again  as  de- 
livered in  an  outlying  district  three  miles  distant,  at  the  end 
of  a  pumping  main;  the  initial  pressures  being  from  eight  to 
fifteen  inches  water  pressure.  These  readings  were  made 
daily — with  some  few  exceptions — and  include  some  294  in- 
dividual tests  for  both  heating  and  illuminating  value.  (See 
Tables  II.  and  III.,  Appendix  A,  pages  555,  556.) 

The  location  of  the  works  and  the  testing  stations  are 
shown  on  the  map,  on  page  613,  and  it  will  be  seen  that 
at  some  few  points  the  main  is  exposed  to  temperatures  of 
the  streams  that  are  crossed,  and  at  other  points  to  atmos- 
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pheric  temperature.  The"  g»s  was  further  si^jected  to  at- 
mospheric temperature  in  an  outlying  storage  holder.  Re- 
sults of  these  tests  indicate  the  losses  in  heating  value  and 
illuminating  value  that  may  be  expected  at  various  seasons 
of  the  year  for  gas  delivered  under  similar  conditions.  The 
average  loss  in  heating  value  is  1.4  per  cent,  and  the  average 
loss  in  illtuninating  value  i^  I2.S  per  cent. 


Hcnth  Ho.  teat! 

jBOuaty 30 

Februwy 16 

March 36 

April 30 

May 31 

June 30 

July 31 

AQ^Bt 39 

September'  ■  ■  37 

OctobeT 36 

November  ■  ■  ■  28 


Average-  '  ia.8  1.4 

43.  The  daily  variations  in  heating  value  and  illuminating 
value  between  Stations  A  a,nd  B  are  shown  by  diagrams  (page 
50).  The  zero  line  repreieigs  the  heating  value  or  illumin- 
ating value  at  A.  The  solid  line  curve  shows  the  heating 
value  at  B  in  percentage  of  the  heating  values  at  A.  The 
broken  line  curve  similarly  tX'hows  the  illuminatii^  value  at 
B.  :' 

44.  Another  company  (No.  15)  made  observations  of  the 
loss  in  heating  value  and  illuminating  value  of  gas  when 
pumped  under  the  relative  high  pressure  of  iifteen  pounds, 
for  a  distance  of  about  twenty-three  miles.  These  results  cover 
daily  observations  for  the  months  of  October  and  Novem- 
ber, 1912,  consisting  of  about  sixty  individual  tests.  They 
indicate  what  may  be  expected  under  similar  conditions.  The 
readings  were  made  when  the  ground  temperature  was  about 
50°  F.,  and,  therefore,  do  not  show  the  extreme  conditions 
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that  will  be  met  during  the  winter  months  when  the  tempera- 
ture of  the  ground  is  32°  F.  Drawing  on  page  616  shows  how 
main  is-exposed  both  to -atmospheric  and  stream  tempeiatures. 

45.  The  readings  made  on  this  high  pressure  line  are 
summarized  below,  and  it  will  be  seen  that  the  loss  due  to 
transmission  of  gas  under  these  conditions  is  much  more  in 
illuminating  value  (20.7  per  cent.)  than  it  is  in  heating  value 
(6,05  per  cent.). 

HMting  IlluminatliiB 

nlue  nlue 

October — 19 1 3 

Uncompressed  gss 639.0  31.3 

CompresMd  gaa 619.0  — 

Delivered  gaa — Xi}4  miles 607.0  17.6 

Loss— percent 3,5  30.7 

November 

UncompTessed  gas 631.0  11.3 

Compressed  gas 637.0  — 

Delivered  ga»—33>i  miles S77°  '6-9 

LoM— percent...  8.6  30.7 

Average  loss—  per  cent 6.05  20.7 

46.  This  is  in  accordance  with  the  expectations,  as  it  is 
apparent  that  the  decrease  in  quality  is  due  to  the  deposition 
of  the  unfixed  or  light  oil  vapors  that  are  removed  from  the 
gas  by  pressure,  and  by  the  low  temperature  and  scrubbing 
action  of  the  mains. 

47.  To  further  confirm  these  results,  at  the  request  of  the 
committee,  investigations  were  also  made  under  the  direct 
supervision  of  one  of  its  members,  on  carbureted  water  gas, 
manufactured  in  a  lai^  city,  in  another  State,  compressed — 
pressure  varying  from  10  to  20  pounds — and  delivered  to 
several  outlying  districts.  These  districts  consisted  of  two 
smaller  cities,  several  small  boroughs  and  small  settlements 
on  both  sides  of  a  large  river.  A  large  portion  of  this  terri- 
tory is  so  situated  that  the  inhabitants  would  have  been  un- 
able to  obtain  gas  under  any  other  conditions.  The  high 
pressure  is  reduced  and  the  gas  supplied  to  the  two  cities 
throt^h  low  pressure  distribution  systems,  but  the  boroughs 


:y  Google 


6i8 

and  small  settlements  are  directly  supplied  by  high  pressure 
which  is  reduced  on  the  consumers'  premises.  An  outline 
map — ^page  619 — shows  the  general  plan  of  the  system. 

48.  The  gas  as  manufactured  at  A  averaged  about  22 
candle-power.  At  the  time  of  the  investigation  the  gas  was 
compressed  to  about  16  to  20  pounds  pressure  as  shown  in 
the  tables,  and  then  delivered  through  a  high  pressure  system, 
consisting  of  9,700  feet  of  6-inch  and  1,875  feet  of  4-inch  main 
to  a  second  testing  station,  B.  From  this  point  the  4-inch  high 
pressure  main  is  continued  across  the  river  for  a  distance  of 
16,625  f"*>  to  a  third  testing  station,  C- 

49.  In  crossing  the  river  the  main  is  exposed  for  a  con- 
siderable distance,  and  acquires  the  temperature  of  the  river 
water,  which  at  the  time  of  the  test  approximated  50°  F. 

50.  At  Station  A,  where  the  gas  was  compressed,  tests  were 
made  before  and  after  compression.  At  Station  B  tests  were 
made  on  the  gas  direct  from  the  high  pressure  lines  before 
entering  the  low  pressure  system.  At  Station  C  the  gas  was 
tested  directly  from  the  high  pressure  lines. 

51.  In  order  to  obtain  samples  of  the  same  gas,  the  capacity 
of  the  mains  and  the  estimated  rate  of  consumption  was  de- 
termined, and  the  lag  was  calculated. 

52.  To  determine  the  illuminating  value  of  the  gas,  tests 
were  made  on  standard  60-inch  bar  photometers  at  Stations 
A  and  B,  and  on  a  60-inch  portable  photometer  at  Station  C. 
ten  candle-power  pentane  lamps  being  used  as  standards. 

53.  The  heating  value  of  the  gas  was  read  on  new  calori- 
meters of  the  American  Meter  Company,  which  were  com- 
pared with  each  other  just  previous  to  testing.  All  instru* 
ments  and  accessories  were  tested  and  calibrated  before  being 
used.  The  humidity  of  the  atmosphere  was  determined  and 
corresponding  corrections  made  in  the  calorific  values. 

54.  The  temperature  of  the  atmosphere,  the  temperature 
of  the  ground  and  the  dew  point  of  the  gas  were  determined. 
The  temperature  of  the  ground  ran  from  56°  to  58"  F.,  while 


D.gnzed  by  Google 


6i9 


i: 


ii: 


!,\^ 


ns- 


%  ! 

i 


D.,m.db,  Google 


6zo 

the  dew  point  gave  indications  as  low  as  30"  F.,  indicating 
combined  effect  due  to  the  compression  and  cooling. 

55.  These  readji^s-were  made  over  theperiodfrem-Octo- 
ber  31  to  November  14,  1912,  and  the  results  obtained  frcmi 
day  to  day,  as  shown  by  the  following  table,  substantiate  the 
conclusions  presented  above — that  the  illuminating  value  can- 
not be  maintained  if  the  gas  is  to  be  transmitted  to  outlying 
districts  at  relatively  high  pressures;  but  that  under  the  same 
conditions  it  is  possible  to  maintain  the  heating  value  witl; 
only  slight  loss. 

56.  If  these  tests  were  duplicated  in  the  extreme  cold 
weather  months  of  the  winter,  we  m^ht  expect  even  greater 
losses  in  illuminating  value  at  Stations  B  and  C. 

tioss  in  illuminating  and  heating  value  of  carbureted  water 
gas,  compressed  to  16  pounds  and  transmitted  distances  of 
2.2  and  5.1  miles: 

IllumlnatlDf  Hatiof 

value  Percent.  *ilne  Perccol. 

cm  iidle- power  lou  B.  t.  u.  Iom 

Initial  gaa 31.69  —  ^30  — 

LoM  due  to  compreaiioii  ...     a. 66  13.3  8  1.37 
LoM  due  to  tnattnisnon— 

of  1.1  milca 0.74  3-4  2  0.33 

ToUIIoas 3.40  15.7  10           1.57 

InitialgBB 31.69  —  630 

Low  in   compresnou    and 

truinniMion — of  5.1  miles     6.68  30.8  tt           1.75 

COMPRESSION    AND    TRANSMISSION    TESTS    ON    ENRICHED    COKE 
OVEN   GAS,    NOVEMBER-DECEMBER,    I912. 

57.  The  Committee  also  made  some  investigation  of  the 
effects  of  compression  and  transmission  on  the  illuminating 
and  heating  values  of  enriched  coke  oven  gas.  As  there  was 
no  such  installation  in  the  State,  permission  was  obtained 
elsewhere  to  make  such  a  test  on  a  plant  consisting  of  forty 
ovens  and  having  a  capacity  for  carbonizing  three  hundred 
tons  of  coal  daily.  A  good  grade  of  Pennsylvania  gas  coal 
was  used,  with  an  average  coking  period  of  twenty-two  hours. 
Run-of-oven   gas,   enriched   to   about    16   candle-power,   flat 
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flame,  was  obtained,  using  a  90  per  cent,  benzol  enricher. 
During  a  part  of  the  test  a  small  amount  of  high  candle-power 
carbureted  water  gas  was  made  to  help  out  the  deficiency 
in  the  make  from  the  coke  ovens.  In  both  cases  after  en- 
richment at  "A,"  the  gas  was  compressed  at  "A-i"  to  be- 
tween 30  and  40  pounds  per  square  inch,  and  then  delivered 
to  "B,"  a  distance  of  nine  miles.  The  terminal  pressure  at 
■'B"  was  between  26,  and  36  pounds.  This  high  terminal 
pressure  was  necessary  because  of  distribution  to  surround- 
ing territory.  After  compression  the  gas  was  cooled  to  about 
atmospheric  temperature  in  a  condenser,  the  condensate  be- 
ing renioved. 

58.  At  the  terminus  of  the  high  pressure  line  the  gas  was 
expanded  into  a  holder  and  distributed  at  low  pressure. 

59.  The  illuminating  value  and  the  heating  value  of  the 
gas  at  "A,"  "A-i"  and  "B"  is  shown  in  the  tables.  These 
tables  also  give  the  tosses  both  actual  and  in  per  cent,  of 
original  quality  of  the  gas. 

60.  The  ground  temperature  at  "A"  was  about  47°  F.  and 
at  "B"  it  was  49°  F.  The  dew  point  at  "A-i"  was  31"  F. 
and  at  "B"  it  was  12°  F.  The  average  outside  air  temperature 
was  39"  F- 

61.  The  tests  were  made  with  improved  American  Meter 
Company  calorimeters  of  the  Junker  type,  and  standard  60" 
bar  photometers.  All  candle-power  readings  are  flat  flame 
value  against  a  standard  10  candle-power  pentane  lamp.  All 
apparatus  was  tested  and  checked  for  accuracy. 

Loss  in  illuminating  and  heating  value  of  enriched  run-of- 
oven  coke  oven  gas,  due  to  a  compression  of  30  pounds  and  a 
transmission  of  nine  miles : 


Initial  gss 

Loss  due  to  coinpre«iion  — 

30  poundj 

L<M»  due  to  transmission— 

Total  loss 
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Run-of-oven  coke  oven  gas  with  an  addition  of  15  per  cent, 
carbureted  water  gas : 

IllumlutinE  Hnllng 

value  Percent,        nlue         Fcrcfnt, 

ondle-power       Ioh  B.  t.  u,  Ioh 

Initial  gatt 16,9  —  597  — 

LoM  due  to  comprewioD  — 

40  pounds 3-7  16.0  iS  3.0a 

1,069  due  to  transmisnon— 

9  miles 5'  30-»  'i  3-85 

Total  loss 7.8  46.3  41  6.8j 

62.  A  previous  test  had  been  made  on  the  same  system,  by 
one  of  the  Committee,  in  March  and  April,  1907;  ^d  while 
at  that  time  no  determinations  in  loss  of  heating  value  were 
made,  the  loss  in  illuminating  value  was  determined. 

63.  In  addition  to  the  effect  of  compression  and  transmis- 
sion, a  test  was  made  on  the  effect  of  low  temperature  by 
passing  the  gas  through  a  freezing  coil. 

64.  The  following  tables  give  a  summary  of  the  results 
obtained  on  these  tests. 

65.  The  first  table  shows  the  effect  of  freezing  on  the  candle- 
power  of  low  pressure  coke  oven  gas,  carbureted  water  gas 
and  mixed  coke  oven  gas  and  carbureted  water  gas. 

EnricliMl  roke 
oven  gm*  and 

Enriched  id  pet  cent, 

coke  Carbureted     carbureted 

oven  jt**       water  gas      waler  gas 

Initial  candte-power  ■' 15-92  '9-15  16.33 

Loss  due  to  compression  and 

freeting  to  33'  F 3.89  3.63  1.43 

Loss  in   per   cent,  of  initial 
candle-power 18, 2  13.7  1 7.5 

66.  The  second  table  shows  the  effect  of  compressing  to 
pressures  approximating  30  pounds  and  transmitting  through 
a  distributing  system  11. 5  miles.  The  first  test  was  on  rtin- 
of-oven  coke  oven  gas,  benzol  enriched,  and  the  second  test 
was  made  on  this  same  gas  with  a  mixture  of  carbureted 
water  gas,  equalling  27  per  cent,  of  the  total  volume. 
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67.  Hygrometer  readings  indicated  a  dew  point  of  18°  F. 
on  the  compressed  and  delivered  gas. 

Bnricbcd  coke 
oveo  K*.s 
BnHcbed         z7Hr«nl. 

Initial  candle-power 17-45  i?-^ 

Loss  due  to  compresaioa  ofjo  pounds  and 

delivered  ii.j  miles  at  high  pressure--    6.03  a.Bi 

Lossin  percent- of  initial  candle-power-'  34.5  38.4 

LABORATOKV  EXPERIMENTS  TO  DETERMINE  THE  EFFECT  OF  COM- 
PRESSION AND  FREEZING  ON  CARBURETTED 
WATER  GAS. 

68.  To  determine  further  the  effect  upon  the  illuminating 
value  and  heating  value  of  the  gas,  certain  laboratory  experi- 
ments were  carried  on  under  the  supervision  of  the  Committee, 
with  the  following  results: 

69.  Carbureted  water  gas  of  23.5  candle-power  and  654 
B.  t-  u.  heating  value,  was  compressed  first  to  low  pressures 
of  three  and  ten  inches  of  water  and  then  in  stages  of  five 
pounds  each  to  a  total  of  thirty  pounds  gatige  pressure,  and 
while  under  compression  reduced  to  a  temperature  of  35°  F. 
The  condensation  formed,  due  to  compression  and  cooling,  was 
removed,  and  the  gas,  when  expanded  again,  showed  a  dew 
point  of  15°  F.  No  serious  losses  in  heating  value  were 
found  to  take  place  with  pressures  up  to  ten  inches  of  water. 
Such  losses,  however,  became  evident  as  soon  as  the  pressure 
had  reached  five  pounds  and  over.  At  thirty  pounds'  com- 
pression the  illuminating  value  had  dropped  32-4  per  cent., 
while  the  heating  value  dropped  6.8  per  cent.  It  was  noted 
that  the  gravity  of  the  gas  changed  but  very  little,  as  shown 
by  a  test  on  an  effusion  apparatus-  The  illuminating  value 
seemed  to  drop  uniformly  with  the  compression,  while  the 
heating  value  dropped  30  heat  units  or  the  first  ten  pounds 
and  only  twelve  additional  heat  units  for  the  next  twenty 
pounds.     The  results  are  shown  in  detail  below: 
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I.OM  per  cent, 

PreHore                            CBudlC'powCT  groH  Casdle- power  B,  t, 

3  inches,  before  cooling    13.5  654  —  — 

3  inches ao.a  656 

10  inches ao.3  654  —  — 

j  pounds 18. 1  631  10,6  3., 

lopounds 16.3  6ji  19.5  5.1 

iSponuds 15.6  614  13.0  4.' 

30  pounds 14-95  615  16.1  6.1 

iSponnds 14.1  617  39.9  5,1 

30  pounds 13.7  609  33.4  6.1 

Note— Oripnal  fu  paaied  through  itP  P.  coit.    CoiupresMd  giis  paned 


HEATING    VALUE    CALCULATED    BY    ANALYSIS 

70.  One  Company,  No.  8,  ran  its  plant  (Class  C,  Table  I.) 
to  determine  as  nearly  as  may  be  the  heat  unit  equivalent  to 
the  present  standard  of  candle-power.  This  plant  was 
equipped  with  a  Junker  automatic  continuous  registering  cal- 
orimeter, which  was  destroyed  by  fire  before  the  completion 
of  the  full  year's  test.  In  addition  tests  were  made  daily  on 
both  a  Sargent  and  on  a  Junker  calorimeter.  Samples  of  gas 
were  taken  and  analysis  of  gas  made  and  recorded.  The 
candle-power  was  likewise  determined  on  a  60-inch  U.  G.  I. 
open  bar,  using  No.  7  L.  P.  Slit  Union  Bray  and  new  F.  Ar- 
gand  Sugg  pattern  gas  burners  against  candles  in  accordance 
with  New  York  legal  requirement. 

71.  Not  until  the  completion  of  the  year's  test  was  any  use 
made  of  the  gas  analysis  so  that  the  calculated  heat  units  there- 
from have  special  interest  as  a  i:heck. 

72.  The  daily  heat  unit  readings  therefore  were  checked 
by  an  automatic  instrument  self  recording  and  finally  by  the 
calculated  B.  t.  u.  from  the  gas  analysis.  The  gas  manu- 
factured was  carbureted  water  gas.  The  gas  generating  ap- 
paratus, s  feet  and  7  feet  6-inch  sets,  have  up  and  down 
steam  connections  and  automatic  continuously  registering 
pyrometers  on  superheater.  As  the  plant  is  a  small  one  the 
running  was  intermittent,  varying  from  8  hours  to  23.8  hours. 
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Gas  oil  was  used,  "28°  B."  which  had  been  contracted  for 
prior  to  beginning  of  test.  Anthracite  broken  coal  was  used, 
with  some  gas-house  coke  at  times  for  experimental  pur- 
poses. Oil  corrected  varied  from  3.5  to  4.65  gallons  per 
thousand.  Fuel  per  1,000,  corrected,  varied  from  37.62  to 
40.76. 

73.  The  equivalents  used  in  calculating  the  B.  t.  u.  from  gas 
analysis  were: 

Illaminants 2.350.0  B.  t.  u.  per  cubic  foot 

CO 333.5  B.  t.  u.  per  cnbic  foot 

H, 3a6,a  B.  t.  n.  per  cubic  foot 

CH, :  .009.0  B.  t.  u.  per  cubic  foot 

The  results  were  as  follows : 

COMPAM%'    No.    8. 

Average  Monthly  Results  at  Works— B.  t.  u. 

Candle-  B.  t.  u.  B.  t.  u.  CalcnUled 

power  Jankcri  Sargent      frommnalykB 

Augutt,  1911 19.I  617  613  606 

September 18,9  610  607  605 

Octcfcer 18.7  594  591  389 

November 19.7  633  618  6a6 

December 22.5  645  651  651 

January,  191J M.4  653'  656'  658' 

February aa.6'  650  653  636 

March 30.3  6ai  635  614 

April 18.7  60a  601  585 

May 19.S  sgl  593  56^ 

June 19.3  59*  59i  58a 

July 17-^  584'  584'  580 

74.  The  official  testing  station  of  this  Company  was  equipped 
with  a  Junker  calorimeter  and  60-inch  American  Meter  Cmn- 
pany  open  bar  photometer  using  similar  burners  and  candles. 
Gas  was  analyzed  as  at  plant  and  B.  t.  u.  calculated  with  ths 
following  results: 
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Aiq^uat,  191 1 30.0  613  608 

September 19.6  605  603 

October 19.3'  584'  581' 

NoTember 19.9  622  61S 

December —  20.9  641  645 

Januai7,  1911 21.1'  643'  *5S' 

FebniMj- ao.6  631  634 

Mftrch 19.8  607  610 

April 20.4  59"  58* 

May  19.9  S90  5*8 

June 20.7  596  586 

Jnly K>-6  586  577 

75.  The  Gas  Inspector  of  the  State  tested  the  candle- 
power  for  the  State  record  twelve  times  during  the  period 
of  testing,  finding  candle-power  averaging  20.1.  The  Com- 
pany's test  for  the  same  days  averaged  20.0  candle-power. 

76.  It  will  be  observed  that  the  B.  t.  u,  calculated  from 
analysis  varies  from  the  actual  readings  made  by  calorimeters 
in  different  seasons.  The  effect  of  temperature  affects  the 
character  of  the  tlluminants  remaining  in  the  gas  at  different 
seasons.  The  following  calculations  were  made  as  a  matter 
of  interest-  The  values  of  B.  t.  u.  per  cubic  foot  of  CO  of 
Hj  and  CH,  were  taken  as  stated  heretofore  and  the  actual 
B.  t.  u.  observed  in  the  Junker  calorimeter  was  assumed  in 
each  case  as  the  B.  t.  u.  value  of  the  gas.  From  these  figures 
the  B.  t-  u.  value  of  the  illuminants  was  calculated  with  the 
following  results : 
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Monthly  Avsr ages— Plant. 

Plant TcMins  Matlon 

B.t.B.  Cal.m.  of  B.t.  u.  Cal.nl.  of 

I>*le                               Jnnkcn  illBmlnaDls  Junkcn  lUumininli 

Augnrt.  1911 617  2,458  613  1,399 

September 610  3,400  605  a,377 

October 594  2,404  584"  2,378 

November 633  3,410  612  2,385 

December 643  i,304'  642  2,321 

Jannarr,  1912 653  2,311  643'  2,251' 

February 650'  2,465  631  3,320 

Marcb 621  2,408  607  3,315 

April 602  2,450  591  3,4*9 

May 593  a.58»'  59°  '.576' 

June  59»  ».449  59*  ».4S4 

July 584'  a,396  586  3,336 

The  above  results  clearly  indicate  the  uncertainty  of  chem- 
ical analysis  as  a. means  of  accurately  determining  the  calorific 
value  of  manufactured  gas. 

COMPARISON  OF   CONTINUOUS   AND  INTERMITTANT  OPERATIONS- 

jj.  The  manufacture  of  gas  by  Company  J*Io.  9  was  under 
the  same  engineering  superintendence  as  Company  No.  8. 
Tests  in  this  case  were  made  only  at  the  testing  station  over 
a  mile  from  the  manufacturing  plant.  This  plant  (Class  A, 
Table  I.)  runs  continually  night  and  day  manufacturing  car- 
bureted water  gas;  generators  11  feet  and  12  feet  reverse 
steam  Lowe  type  with  indicating  and  recording  pyrometers. 
Gas  oil  28°  B.  using  (corrected)  3.41  to  4.34  gallons  per  1,000 
cubic  feet.  Anthracite  fuel  (corrected)  30.45  to  32.67  pounds 
per  1,000.  Calorimeter  used  Junkers.  Candle-power  determined 
by  American  Meter  Company,  60-inch  open  bar  photometer; 
burners  No.  7  L.  P.  Slit  Union  Bray  and  New  F.  Argand. 
Analysis  of  gas  was  made  only  occasionally.  The  results 
follow : 


:y  Google 


Monthly  Avbragbs. 

Angutt,  1911 

September 

October 

November 

December 

January,  191a 

Febrnorjr 

March   

April 

May   

Jnw 

July 

78.  A  comparison  of  the  Company's  candle-power  reading 
taken  at  the  time  B.  t.  u.  results  were  taken  on  thirty  days 
when  the  State  Inspector  tested  the  gas  of  the  Company  shows 
20.4  candle-power  average  by  State  test  and  20.8  candle-power 
by  Company's  observer, 

COMPARISON    OF    EFFICIENCY    OF    OPEN    FLAME    AND    MANTLE 
BURNERS. 

79.  In  replacing  the  flat  flame  burner  with  the  mantle  bur- 
ner, it  is  a  matter  of  importance  to  determine  the  relative 
efficiency  of  these  burners  when  using  the  same  quality  of 
manufactured  gas.  It  is  also  important  to  inquire  if  similar 
results  are  obtained  when  using  mantle  burners  with  unen- 
riched  coal  gas  and  the  present  20  candle-power  water  gas. 
The  State  Commission,  Second  District,  requires  that  five 
cubic  feet  of  carbureted  water  gas  shall  give  20  candle-power 
when  burned  in  the  burner  best  adapted  to  it,  and  applicable 
for  general  use,  when  compared  with  the  light  of  two  stand- 
ard English  sperm  candles.  The  candle-power  obtained  with 
the  normal  mantle  burner  is  uniformly  greater  than  obtained  in 
the  flame  burner  even  when  using  only  three  cubic  feet  of  the 
same  gas.  It  is  customary  to  state  the  efficiency  of  the  gas 
mantle  in  terms  of  candle-power  per  cubic  foot  of  gas  used. 
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80.  Under  the  supervision  of  a  member  of  the  Joint  Com- 
mittee mantles  costing  at  retail  lo  cents,  15  cents,  and  35  cents, 
mantle  burners  costing  10  cents  and  50  cents,  and  chimneys 
at  a  uniform  cost  of  10  cents  were  purchased  at  shops  pa- 
tronized by  the  general  public. 

81.  These  mantles  and  mantle  burners  were  tested  using 
carbureted  water  gas  from  19.4  candle-power  to  21.8  candle- 
power,  at  burner  pressures  varying  from  one  to  three  inches 
water.  The  B.  t-  u.  varied  from  603  to  622.  Sixty-five  sep- 
arate illiuninating  power  tests  were  made  with  the  mantles 
when  using  this  gas.  The  average  candle-power  per  cubic 
foot  of  gas  when  used  in  the  flame  burner  was  4.15  candles, 
while  the  same  gas  developed  13  to  21.7  candles  per  cubic  foot 
when  used  in  the  mantle  burner.  The  13  candle-power  test 
was  obtained  with  gas  givii^  4.12  candles  per  cubic  foot  in 
the  flame  burner,  yet  the  same  type  mantles  gave  16.4,  19.1  and 
19.9  candles  per  cubic  foot  with  gas  of  lower  candle-power 
than  4.12  candles. 

82.  Seventeen  tests,  with  2,5-inch  burner  pressure,  were 
made  with  these  mantle  burners  and  the  same  type  mantles, 
but  using  a  14.38  candle-power,  unenriched  coal  gas,  equiva- 
lent to  an  efficiency  of  2.87  candles  per  cubic  foot  of  gas 
when  used  in  the  flame  burner.  The  heat  units  of  this  coal 
gas  varied  from  601  to  607  B.  t.  u.  When  this  gas  was 
used  in  the  mantle  burners  from  13.7  to  21.4  candles  per  cubic 
foot  of  gas  was  obtained. 

83.  It  will  be  observed  that  the  efficiency  of  the  mantle 
burner  was  equally  good  with  either  20  candle-power  carbur- 
eted water  gas  or  with  14.38  candle-power  unenriched  coal 
gas.  It  will  also  be  noted  that  the  mantle  burner  is  many 
times  more  efficient  than  the  flame  burner.  In  some  cases 
the  flame  burner  shows  only  13.4  per  cent,  relative  efficiency 
when  compared  with  the  mantle  burner  using  the  same  gas 
or  as  one  is  to  eight  nearly. 
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84-  A  mantle  burner  ordinarily  consumes  three  cubic  feet 
of  gas  per  hour  and  with  16  candles  per  foot  gives  48  candle- 
power.  To  obtain  this  candle-power  with  a  twenty  candle 
gas  in  an  open  flame  burner  would  require  twelve  cubic  feet 
of  gas.  This  is  an  hourly  saving  in  gas  bills  of  nine  cubic 
feet.  Assuming  one  thousand  hours'  burning  per  annum 
there  is  a  saving  of  9,000  cubic  feet  of  gas,  which  represents 
a  cash  saving  of  from  $8  to  $18,  depending  upon  the  price 
of  gas.  Four  mantles  per  annum  would  be  a  fair  average  for 
this  number  of  hours'  use  at  an  annual  cost  of  from  40  cents 
to  $1.40;  as  stated,  a  burner  which  should  give  good  service 
for  many  years  costs  from  10  cents  to  50  cents,  and  the  chim- 
neys 10  cents  each.  Smaller  mantles  consimiing  but  one  foot 
to  one  and  one-half  feet  per  hour,  where  less  illumination  is 
required,  would  show  a  corresponding  saving. 
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APPENDIX  D 

STANDARDS  IN   OTHER   PLACES. 

1.  Up  to  1906  practically  all  standards  for  gas,  both  in 
this  country  and  abroad,  prescribed  a  certain  illuminating 
value  but  contained  no  requirements  as  to  heating  value.  As 
early  as  1894,  however,  gas  engineers  had  b^;un  to  recc^ize 
the  inadequacy  of  a  photometric  standard  and  the  necessity 
for  determining  a  calorific  value, 

2.  The  earliest  date  of  a  calorific  standard  being  established 
was  1906.  Since  that  time  this  measure  of  the  quality  of  gas 
has  been  adopted  quite  generally  abroad  and  in  a  considerable 
number  of  instances  in  this  country. 

3.  Generally  speaking  we  find  no  scientific  reasons  for  the 
figures  which  have  been  adopted,  and  in  few  cases  does  there 
appear  to  have  been  any  preliminary  investigation  made  along 
the  lines  of  practical  operating  experience  under  varying  con- 
ditions. 

4.  Wisconsin,  which  was  the  pioneer  in  the  establishment 
of  a  state  standard  of  heating  value,  did,  through  the  Wis- 
consin Railroad  Commission,  conduct  a  series  of  tests  before 
the  adoption  of  the  requirements  now  in  force.  These  tests, 
however,  did  not  cover  a  sufficient  period  of  time  or  a  wide 
enough  variety  of  conditions  to  be  conclusive.  It  should  also 
be  remembered  that  long  strides  have  been  made  in  the  science 
of  calorimetry  during  the  last  year  or  two,  and  manufacturing 
conditions  have  undergone  important  char\ges. 

5.  At  the  present  time  heating  value  requirements  are  in 
force  in  five  states  and  in  some  thirty-one  cities.  A  list  of  the 
states  and  cities  with  their  respective  requirements  follows : 

States. 

Wisconsin  Monthly  average  600  gross  B.  t.  u.  Miuimnm  550 

New  Jersey MoDtblr  average  600  gross  B.  t.  u.  Minimum  550 

Nevada Uontblj  average  550  gross  B.  t.  u.  Minimum  500 

Washington Montbly  average  600  total  Minimum  550 

Indiana    600  B.  t.  u. 
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CiTIBS. 

Aurora,  III 6oogrosa 

Birmingham,  Ala 575  gross 

Cedar  Ra^ds,  la 600 

Chicago,  111 600  gross 

Dallas,  Tex 633 

Detroit,  Micb 600  gross 

Elgin,   111 600  net 

Ft.  Wayne,  Ind. 550 

Indianapolis,  Ind 600 

Jackson.  Mich 600 

Joliet,  III 600  "heat  units" 

Kalamazoo,  Mich 600  gross 

Lansing,   Mich 600  {low  value) 

Lincoln.  Neb 635 

Los  Angeles,  Cal 600  gross 

Milwankee.  Wis 600  gross 

Adrain,  Mich Average  of  600 

Elkhart,  Ind 603 

Elyria,  0 600  "  heat  units  " 

Preeport,   111 Monthly  average  600 

Preeport,   III Minimum  550 

Helena,  Mont 500 

Kankakee,  111 600  "heat  units" 

Ottawa,  III 600 

Sault  St.  Marie,  Mich 500 

Port  Huron,  Mich 600  gross 

Stockton,  Cal 600  gross  monthly  avemge 

Minneapolis,  Minn 600 

Minneapolis,  Minn ■■  Daily  minimum  550 

Oakland,  Cal 600 

Omaha,   Neb 600  net 

San  Prancisco,  Cal 600 

Springfield,  111 650 

6.  In  1906  the  calorific  standard  was  adopted  for  Totten- 
ham, the  first  place  in  England  to  have  such  a  standard.  This 
standard  was  fixed  by  agreement,  but  the  Gas  Light  and  Coke 
Company  of  London  was  the  first  to  have  the  heat  unit  test 
statutorily  applied  to  town  gas.  This  was  accomplished 
through  the  Parliamentary  Committee  of  the  London  County 
Council  advised  by  Dr.  Frankland,  Charles  Hunt  and  Dr. 
Clowes,  the  figures  being  set  at  approximately  500  net  B.  t.  u., 
with  a  minimum  of  450  B.  t.  u. 
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7-  In  Europe,  Paris  has  adopted  a  calorific  standard  of  528 
net  B.  t.  u.  and  abandoned  photometric  requirements.  The 
same  standard  holds  in  Rheimes.  Marseilles  has  adopted  551 
B.  t.  u.  and  Milan,  Italy,  573  B.  t.  u. 

8.  In  1909  German  chemists  concluded  that  they  ought  to 
have  a  calorific  test,  and  that  the  figures  should  be  set  at  543 
gross  B.  t.  u.  with  a  minimum  of  522,  these  results  to  apply 
to  tests  made  at  the  works.  There  is  even  yet  no  generally 
accepted  standard  of  calorific  value  in  Germany,  although 
tests  have  been  regularly  made  in  Berlin,  Magdeburg,  Bonn 
and  Breslau  for  at  least  seven  years.  Zurich  was  also  testing 
for  calorific  value  at  least  five  years  ago. 

9.  A  member  of  the  Committee  from  personal  observation 
ascertained  that  many  continental  cities  do  not  even  main- 
tain photometric  apparatus  for  testing  gas.  Included  in  this 
number  are  Paris,  Brussels,  Ghent,  Bruges,  Nuremberg, 
Stettin,  Berlin,  Charlottenburg,  Warsaw  and  Zurich.  No 
attention  is  paid  to  candle-power.  Another  authority  from 
personal  inquiry  and  observation  confirms  this  tendency  by 
information  derived  within  six  months  that  the  same  condi- 
tions may  be  found  in  Austria  and  Austria-Hungary  as  well 
as  Germany  and  other  continental  countries. 

ID.  It  should  be  noted  that  in  Continental  countries,  it  is 
customary  to  correct  the  gas  volume  to  0°C  {32°  F.)  and 
760  M,  M,  (30-inch  Barometer).  The  correction  to  32°  F. 
instead  of  60°  used  in  the  United  States  and  by  this  Commit- 
tee, means  that  the  standard  abroad  is  actually  over  5  per 
cent,  lower  than  the  figures  quoted  above  would  indicate. 
For  example,  a  German  gas  consumer  receiving  543  gross  B. 
t.  u.  per  cubic  foot  is  actually  receiving  not  more  than  516 
when  United  States  methods  of  measurements  are  followed. 

II.  In  South  America  Colombo  has  had  a  heat  unit  stand- 
ard of  400  B.  t.  u.  for  about  five  years,  and  in  Buenos  Ayres 
it  is  required  that  the  net  B.  t.  u.  sliall  not  be  less  than  539, 
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12.  It  will  be  seen  from  the  preceding  figures  that  the  cal- 
orific power  requirements  in  Great  Britain,  on  the  Continent 
and  in  South  America  are  generally  lower  than  those  in  the 
United  States,  due  to  a  rect^nition  of  the  economic  advan- 
tages of  permitting  the  use  of  unenriched  coal  gas  manufac- 
tured from  such  grades  of  coal  as  were  available. 

13.  The  standards  which  have  been  adopted  in  this  country 
in  the  past  are  in  most  cases  in  excess  of  what  should  be  re- 
quired. They  were  usually  set  arbitrarily  and  without  thorough 
investigation.  It  is  inconceivable  that  they  would  have  been 
so  fixed  with  present  available  raw  materials.  Reference  to 
Table  IV.,  page  20,  shows  monthly  averages  of  heating  power 
of  gas,  enriched  to  meet  the  present  illuminating  power  stand- 
ard as  low  as  584  B.  L  u.  and  'the  table  in  Appendix  C,  page 
43,  shows  monthly  averages  of  heating  power  of  unenriched 
coal  gas,  manufactured,  however,  from  the  highest  grades  of 
coal,  as  low  as  556  B.  t.  u.  These  are  not  individual  readings, 
but  are  averages  for  entire  months. 
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APPENDIX  E 

CAU>RIMETRY  AND   PHOTOMETRV 
Caiorimetry 

1.  Assuming  that  a  suitable  calorimeter  is  employed,  that 
the  operator  has  had  reasonable  experience  and  proper  in- 
struction, and  that  the  accepted  rules  of  procedure  are  fol- 
lowed, it  is  proper  to  inquire  as  to  the  consistency  of  the 
readings  and  the  accuracy  of  the  results  that  will  be  obtained. 

2.  One  of  the  smaller  companies  participating  in  the  inves- 
tigations has  had  check  tests  made  on  practically  every  work- 
ing day  during  the  entire  period  and  with  three  observers,  of 
whom  two  were  no  more  than  high  school  graduates ;  only 
5  per  cent,  of  the  time  was  there  a  difference  of  3  B.  t.  u, 
between  the  tests,  while  on  88  per  cent,  of  the  days  the  dif- 
ference was  2  B.  t.  u.  or  less.  The  determinations  came  out 
exactly  the  same,  decimals  being  of  course  excluded,  during 
32  per  cent,  of  the  time. 

3.  Such  results  can,  however,  only  be  secured  by  an  ab- 
solute conformity  to  operating  instructions.  The  great 
danger  with  calorimetric  determinations,  as  in  photometric 
work,  is  that  the  operator  will  drop  into  the  habit  of  regard- 
ing this  or  that  minor  detail  as  unimportant  and  consequently 
will  finally  disregard  it  altogether.  To  illustrate,  some  oper- 
ators only  read  their  outlet  water  thermometers  to  tenths  of 
a  degree  F.,  yet  an  error  of  0.1°  F,  means  an  error  of  about 
4  B.  t.  u.  in  the  result. 

4.  The  pressure  at  which  the  gas  is  metered  is  an  important 
factor,  although  by  some  it  is  considered  only  a  negligible 
quantity  and  is  left  out  of  consideration.  If  this  is  not  cor- 
rected for,  and  the  gas  is  delivered  to  the  meter  at  3  inches 
water  pressure,  the  final  result  will  be  about  4  B.  t,  u.  toa 
high. 

5.  The  rules  as  laid  down  by  this  Committee  in  its  two 
pamphlets  are  not  difficult  to  follow  and  every  point  empha- 
sized has  a  practical  value  and  is  necessary  to  successful  deter- 
minations.    If  this  is  borne  in  mind  there  should  be  no  dif- 
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ficulty,  under  ordinary  conditions,  in  obtaining  consistency  of 
results. 

6,  The  accuracy  of  results,  however,  assuming  that  the  test 
has  been  carefully  and  correctly  carried  out  in  every  particular, 
is  a  different  question  and  demands  separate  treatment.  We 
shall  assume  that  the  operator  is  endeavoring  to  obtain  the 
total  heat  value,  or  as  near  thereto  as  is  practically  possible, 
and  that  he  has  made  all  of  the  usual  corrections,  i.  e.,  for  ther- 
mometer error  and  stem  exposure,  temperature  and  pressure 
under  which  the  gas  is  measured,  and  efficiency  of  instrument. 
If  the  inlet  water  were  of  the  room  temperature,  and  tbe  pro- 
ducts of  combustion  left  the  instrument  also  at  room  tempera- 
ture, there  is  still  a  correction  to  be  applied  for  the  humidity 
of  the  air  entering  the  calorimeter.  This  can  be  obtained  by 
the  use  of  a  psychrometer,  the  correction  then  being  found  in 
the  table  furnished  by  the  National  Bureau  of  Standards  and 
published  in  the  Proceedings  of  the  American  Gas  Institute 
for  1912.  This  table,  however,  consists  of  two  parts:  (a) 
Where  seven  volumes  of  air  are  used  per  volume  of  gas,  and 
(6)  where  nine  volumes  of  air  are  used.  Since  there  is  at 
present  no  practical  method  of  measuring  the  air  passing 
through  the  calorimeter,  it  would  seem  as  if  there  were  an 
insuperable  difficulty  at  the  outset.  But  if  we  examine  the 
two  tables  we  find  that  for  ordinary  working  conditions  the 
differences  are  not  large,  as  will  be  seen  from  the  following 
which  have  been  compiled  by  takit^  the  difference  in  B.  t.  u, 
between  the  corrections  in  the  two  tables  for  the  same  tem- 
perature and  humidity : 

Room  lempentuTC 


midity 


3-3 
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In  every  case  the  corrections  in  part  (fc)  of  the  table  are 
algebraically  the  greater,  but  it  must  be  rememl>ered  that  the 
low  ranges  of  humidity,  as  well  as  the  excessive  room  tem- 
paratures,  are  comparatively  rare,  at  least  in  this  part  of  the 
country,  and  moreover,  these  extreme  conditions  do  not,  as 
a  rule,  occur  at  the  same  time.  If,  therefore,  the  ordinary 
working  conditions  arc  considered,  such  as  a  room  temper- 
ature between  6s°  and  80°,  and  a  humidity  over  30  per  cent., 
it  will  be  seen  that  the  maximum  error  likely  to  occur  from 
use  of  the  wrong  table  is  only  1.5  B.  t,  u.  or  about  one-fourtU 
of  1  per  cent.  But  there  is  another  factor  which  still  further 
tends  to  diminish  the  chances  of  error  from  this  source.  With 
the  exhaust  damper  set  properly  and  with  the  air  mixer  on 
the  burner  so  adjusted  as  to  give  the  most  perfect  combustion 
(a  condition  easily  judged  by  the  color  and  general  appear- 
ance of  the  flame)  the  excess  of  air  admitted  to  the  calori- 
meter is  a  constant  within  reasonably  close  limits,  and  the 
seven  volumes  of  air  per  volume  of  gas  will  ordinarily  be  the 
mixture  employed.  Thus  it  will  be  seen  that,  with  the  aid 
of  the  correction  table  and  a  humidity  determination,  the 
error  due  to  humidity  will  never  be  over  4  B.  t,  u.,  and,  under 
working  conditions,  will  probably  average  about  1.5  B.  t.  a. 
The  application  of  surface  combustion  may  well  be  studied 
with  the  object  of  minimizing  the  quantity  of  air  used  in  th<: 
calorimeter, 

7.  Another  factor  which  is  intentionally  disregarded  iu 
practical  work  is  the  specific  heat  of  the  water.  Since  the 
custom  of  weighing  the  water  is  now  almost  universally 
adopted,  any  error  from  this  source  has  usually  been  con- 
sidered so  small  as  to  be  unworthy  of  attention.  In  a  study 
of  this  matter  by  Leo  lYoeb,  in  March,  1911,  he  states  that, 
in  gas  calorimetry,  the  possible  variations  due  to  this  cause 
are  from  0.13  to  0.25  per  cent.  This  would  mean  a  maximum 
error  of  about  1.4  B.  t.  u. 

8.  An  error  which  cannot  be  readily  computed  is  intro- 
duced through  the  fact  that  the  gas  is  not  saturated  with 
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moisture  as  it  enters  the  burner.  It  has  always  been  assumed 
that  gas  after  passing  a  wet  meter  would  be  very  nearly  sat- 
urated with  water  vapor,  one  author  stating  as  the  result  of 
his  experiments  that  the  saturation  was  over  98  per  cent. 
Recent  investigations  seem  to  render  so  high  a  result  question- 
able, but  it  is  the  consensus  of  opinion  that  the  error  due  to 
this  cause  is  so  small  as  to  be  negligible  in  practical  work;  it 
will  probably  be  less  than  0.5  B.  t.  u. 

9.  One  other  factor  affecting  the  accuracy  of  results  re- 
mains to  be  considered,  and  this  is  loss  from  radiation.  This 
matter  has  received  considerable  attention  from  the  National 
Bureau  of  Standards,  which  has  found  that  if  proper  baffle 
plates  are  placed  on  the  burner,  radiation  losses  may  be  re- 
duced to  about  0,3  per  cent.,  or  about  175  B.  t.  u. 

10.  If  we  now  combine  all  of  these  errors,  and  assume  them 
to  be  alt  in  the  same  direction  (which  is  not  true)  we  should 
have  a  total  maximum  error  of  about  5.5  B,  t.  u,,  or  less  than 
I  per  cent.  The  error  due  to  radiation,  however,  tends  to 
make  the  observed  result  too  low,  while  the  fact  that  the  gas 
is  not  saturated  makes  the  observed  result  higher  than  the  true 
figure.  The  error  introduced  by  the  specific  heat  of  water 
makes  the  observed  result  too  high,  while  that  due  to  the 
unknown  volume  of  excess  air  admitted  may  be  either  a 
positive  or  a  negative  correction.  Combining  these  algebrai- 
cally, we  get  a  possible  error  of  -I-1.5  B.  t.  u.,  or  about  0.25 
per  cent. 

Photometry 

11.  Even  with  the  most  complete  photometric  outfit  it  is  not 
possible  to  secure  results  which  are  accurate  within  less  than 
I  or  2  per  cent.  This  is  due  to  a  number  of  factors  which 
are  variable  and  cannot  be  corrected  for:  the  personal  equa- 
tion, atmospheric  conditions,  quality  of  pentane,  deterioration 
of  standard  lamps  and  of  discs,  varying  water  line  in  the 
meter  and  inaccuracy  of  the  latter,  etc.  If  this  be  true  of 
the  best  type  of  apparatus,  how  much  more  true  it  is   of 
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photometers  as  generally  employed,  with  candles  as  stand- 
ards and  burners  which  do  not  begin  to  develop  the  full  illu- 
minating power  of  the  gas. 

12.  In  New  York  State  candles  have  been  made  the  official 
standard,  principally  for  the  reason  that  it  did  not  seem  prac- 
tical to  employ  either  a  pentane  or  a  Hefner  lamp  in  connection 
with  the  portable  photometer  which  the  commission's  inspec- 
tors are  obliged  to  use  in  a  large  number  of  places. 

13.  It  appears  to  have  been  conclusively  established  that  the 
candle  as  a  standard  is  unreliable.  Instead  of  attempting  to 
take  up  this  subject  ourselves,  we  refer  to  the  following  as 
being  among  the  most  notable  discussions  to  be  found  in  the 
voluminous  literature  dealing  with  this  question — Dutch 
Photometric  Committee,  1894,  C.  O.  Bond's  paper  on  Work- 
ing Standards  of  Light,  American  Gas  Institute  Proceedings, 
1907;  Dr.  Love's  paper  on  Standard  Candles,  and  the  recent 
work  by  C.  £.  Crittenden  on  the  variations  in  illuminating 
value  of  candles. 

14.  To  cite  the  last  authority  only,  Mr.  Crittenden  pub- 
lishes curves  showing  fluctuations  from  minute  to  minute  of 
over  10  per  cent,  while  the  average  approached  closely  2.1 
candle-power  per  pair.  If  to  this  be  added  the  errors  inherent 
in  a  portable  photometer,  the  inaccuracies  of  a  dry  metqr  for 
photometric  work,  the  troubles  furnished  by  the  candle -balance 
and  the  use  of  improper  burners,  the  result  obtained  is  most 
unsatisfactory.  The  last  item,  however,  is  one  of  the  most 
important  and  should  receive  special  consideration. 

15.  In  this  country  the  two  states  which  have  given  the  most 
thorough  study  to  photometric  work  have  adopted  the  practice 
of  employing  the  burner  best  adapted  to  the  gas  to  be  tested, 
the  burners  selected  would  be  either  a  slit  union  Bray,  a  Suggs 
table  top  or  one  of  the  various  styles  of  Argand  burners. 
The  result  of  this  is  that,  in  order  to  make  a  satisfactory  test. 
several  burners  must  be  tried. 

16.  While,  as  a  rule,  the  new  style  F  Argand  will  give  the 
best  results  from  a  water  gas  of  between  17  and  21  candle- 
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power,  it  very  frequently  happens  that,  even  under  these  con- 
ditions, the  Bray  burner  is  superior,  and  therefore  both  bur- 
ners must  be  tried  in  every  case  if  a  correct  result  is  to  be 
-  assured. 

17.  With  a  coal  gas  the  matter  is  still  worse,  for  there  are 
at  least  five  styles  of  Argand  burners  which  may  be  tried,  each 
adapted  to  a  little  different  quality  of  gas  and  each  liable  to 
give  the  best  result  on  a  gas  of  unknown  candle-power. 

18.  After  all  of  these  have  been  used,  and  the  maximum 
result  secured,  is  this  the  candle-power  of  the  gas?  No; 
for  there  is  at  least  one  other  burner  which  might  be  employed, 
the  Metropolitan  No.  2,  which  would  give  a  much  higher 
candle-power  than  any  of  the  above. 

19.  This  latter  burner  has  been  adopted  as  official  by  the 
London  Referees  and  is  recognized  by  Parliament.  It  has  not 
met  with  favor  in  this  country  for  two  reasons :  First,  its  ini- 
tial cost,  which  places  it  beyond  the  reach  of  most  consumers ; 
and,  second,  the  fact  that  it  gives  so  much  greater  candle- 
power  than  the  burners  now  used.  Neither  of  these  is  a 
scientific  reason,  for  science  is  not  concerned  with  cost  and  is 
concerned  with  securing  as  nearly  a  theoretically  correct  result 
as  possible. 

20.  It  has  been  argued  that  the  illuminatii^  value  of  gas 
as  measured  in  candle-power  is  not  a  definite  scientific  quan- 
tity and  in  this  respect  differs  from  the  calorific  value.  This 
does  not  nullify  the  argument  that  the  manufacturer  is  en- 
titled to  a  judgment  of  his  product  based  upon  the  best  that 
can  be  attained  therefrom  using  the  most  accurate  scientific 
instruments. 

21.  It  is  also  sometimes  urged  that  illuminating  value  should 
be  measured  with  an  open  flame  burner,  because  the  results 
thus  obtained  would  more  nearly  represent  the  value  of  the 
gas  to  the  consumer.  Such  a  method  would  not  measure  the 
illuminating  value  of  the  gas,  but  rather  the  efficiency  of  the 
burner  used.     There  are  a  number  of  types  of  open  flame 
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burners  in  general   use  whose  efficiency  varies   from   50  to 
90  per  cent. 

22.  If  lo  test  the  gas  the  Metropolitan  No,  2  burner  is 
used,  the  consumer  will  be  getting  the  gas  of  a  certain  fixed 
illuminating  value  and  the  measure  of  light  which  he  will 
obtain  from  a  given  quantity  of  gas  will  depend  entirely  upon 
the  efficiency  of  his  burner. 

23.  From  the  above  discussion  it  is  evident  that  a  calori- 
metric  test  measures  much  more  accurately  the  heating  value 
of  the  gas  than  a  photometric  test  measures  the  illuminating 
value.  In  the  test  itself,  even  ehminating  the  question  of 
burners,  the  percentage  of  probable  error  is  much  less  in  a 
calorimetric  test  than  in  a  photometric  test.  It  will  also  be 
seen  that  calorimetric  tests  may  be  made  with  sufficient  ac- 
curacy by  other  than  highly  technical  men  as  long  as  the  pre- 
scribed rules  of  procedure  are  followed. 

INSTRUMENTS  USED  IN  INVESTIGATION  AND  CALIBRATION  WORK 
OF  PUBLIC  SERVICE  COMMISSION 

24.  The  selection  of  those  calorimeters  that  assure  accuracy 
in  determining  the  heating  value  of  the  gas,  and  yet  are  simple 
in  operation,  received  considerable  attention  from  the  Com- 
mittee. For  this  purpose  the  work  that  had  been  done  on  the 
subject  of  gas  calorimetry  was  reviewed.  A  study  was  made 
of  the  reports  of  the  Calorimetry  Committee  of  the  American 
Gas  Institute  made  in  the  years  igo8,  1909  and  1912,  and  in 
addition  consultations  were  held  with  the  members  of  the 
staff  of  the  National  Bureau  of  Standards,  Washington,  who 
have  had  this  subject  under  investigation. 

25.  It  was  found  that  at  the  present  time  there  are  a  num- 
ber of  instruments  in  use  and  on  the  market  designed  to 
measure  the  heating  value  of  gas,  but  employing  different 
underlying  principles  in  their  operation.  After  giving  the 
matter  much  consideration,  it  was  found  advisable  to  employ 
calorimeters  for  this  investigation  of  the  water  heater  type, 
and  only  those  that  expressed  directly  the  heating  value  of 
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the  gas,  when  burning  a  known  quantity  of  gas  and  imparting 
the  heat  developed  to  a  known  quantity  of  water. 

26.  Of  the  calorimeters  approved  by  the  committee,  only 
three  have  been  used  by  the  reporting  Companies  during  this 
investigation.  They  are  the  Junkers,  the  American  Meter  Com- 
pany and  the  Sargent.  These  instruments  have  all  been  cali- 
brated and  checked  for  accuracy  at  the  Commission's  labora- 
tory at  Albany  and  in  their  operation  have  proved  satisfac- 
tory. 

27.  It  is  interesting  to  note  in  this  connection  the  variation 
in  efficiency  of  instruments  after  a  period  of  continuous  opera- 
tion for  one  or  two  years.  We  have  received  figures  from 
the  laboratory  of  the  Commission  for  one  instrument  tested 
on  November  23,  1910,  and  again  on  October  15,  1912.  The 
efficiency  in  the  first  case  was  99.6  per  cent.,  and  in  the 
second  case  99.5  per  cent.  Another  instrument  was  tested  on 
January  27,  191 1,  and  again  on  November  25,  1912,  the  ef- 
ficiency at  the  first  test  showing  99.8  per  cent,  efficiency  and  in 
the  second  case  99.4  per  cent,  efficiency.  Another  instrument 
tested  November  18,  1910,  and  having  an  efficiency  at  that 
time  of  99.5  per  cent.,  was  tested  again  on  December  16,  1912, 
about  two  years  later,  and  showed  an  efficiency  of  99  per 
cent. 

28.  The  photometrical  measurements  were  made  in  the 
usual  way  and  in  accordance  with  the  State  requirements. 

29.  The  Primary  Standard  was  tested  by  the  Bureau  of 
Standards  at  Washington  by  means  of  an  electrical  burner, 
with  the  following  results : 

October  27,  1910 Efficiency  99.5  per  cent, 

April  23,  1913 Efficiency  99.8  per  cent. 

30.  All  wet  meters  were  calibrated  prior  to  the  investigation. 
The  calibration  of  calorimeter  thermometers  showed  that  those 
used  in  the  investigation  were  of  high  class,  the  corrections 
applicable  being  very  small. 

31.  In  the  table  following  the  efficiencies  of  the  calorimeters 
of  the  participating  Companies  are  given.     Column  I  shows 
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the  efficiencies  as  determined  against  the  Primary  Standard 
in  the  laboratory  of  the  Commission  at  Albany,  before  the 
companies  began  to  report  to  the  Committee.  Column  IV 
gives  the  results  against  the  Primary  Standard  after  the  com- 
panies ceased  reporting.  There  is  thus  an  interval  of  at  least 
fifteen  months  between  the  results  in  Column  I  and  IV  in 
nearly  every  instance,  and  in  some  cases  over  two  years.  The 
efficiencies  given  in  Columns  II  and  III  were  determined  by 
the  use  of  the  Secondary  Standard  at  the  plants  of  the  com- 
panies by  traveling  gas  inspectors  of  the  Commission  and  at 
intervals  of  several  months. 

Efficibncibs  of  Calorimeters  Dbtermikhd  by  Public 
Service  Coumission 

Colamn  I         Colonin  II       Column  III       Column  IV 

pHiiuT7  Kcondiry  lecoiidaiT  primary 

Company  Ko.                    Mandsra  Maadara  naodard  Maodard 

1 998  —  99.6  99.3 

' 99-3  988  99-a  99-4 

3 99-8  98.5  99-6  99-4 

4 995  997  990  99-o 

5' 99-3  _  _  _ 

6 .■■■■     99-»  97-7  99-6  98.4 

6 99-7  —  98.9  99-1 

7 995  99-6  —  99.3 

8' 99-4  994  994  99-6 

8 99-5  98.8  99.5  99-2 

8 99'  99-4  987  99-3 

8  99-6  —  —  99.5 

9 993  -  -  99-6 

10 993  99-1  -  — 

"1 996  99-9  99-8  99-8 

" 99-3  99-w  99-5  98.7 

>3 98a  99-a  97-6  99.0 

"4 99-3  —  -  99-0 

IS   99-8  -  —  — 

'6' —  99-0  99-a  99-3 

1  Same  InMrument. 

■  Tbe  thttt  tcM*  opporilc  Companj  No.  8  abowlng  accuracies  99.4.  $9.4,  99J,  were 
made  September,  1911.  Februaiy,  1911,  and  Jnly,  19a,  rcapecti*ely. 
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32.  These  tests  not  only  indicate  that  the  variation  in  ef- 
ficiency of  a  calorimeter  is  slight,  but  also  that  a  more  satis- 
factory result  is  obtained  when  this  calibration  is  pfrformed 
in  the  laboratory  of  the  Commission,  which  has  been  especially 
equipped  for  just  such  work. 
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APPENDIX  F. 

RliE'RINT    OF    CALORIMETRIC    RULES,    REGULATIONS    AND    SPECIFI- 
CATIONS 

Adopted  May  6,  1910,  by  the  Joint  Committee  on  Calori- 
metry,  representing  the  Public  Service  Commission  and  Gas 
Corporations  in  the  Second  Pubhc  Service  District,  New  York 
State. 

INTRODUCTORV  NOTES 

(i)  A  preliminary  inquiry  into  the  heat  units  of  gas  sup- 
plied in  New  York  State  was  made  in  1908  and  1909  by  the 
Division  of  Light,  Heat  and  Power  of  the  Public  Service 
Commission,  Second  District,  by  direction  of  the  Commis- 
sion, The  inquiry  was  conducted  under  the  immediate  super- 
vision of  Mr.  Charles  H.  Stone,  the  Chief  Inspector  of  Gas. 

(2)  The  results  of  the  determinations  were  submitted  to 
the  Commission  in  a  report  by  the  Chief  of  the  Division,  Mr. 
Henry  C.  Hazzard,  under  date  of  October  29,  1909. 

(3)  Under  date  of  December  8,  1909,  the  Commission  ad- 
dressed the  following  communication  to  each  gas  corporation : 

"Albany,  December  8,  1909. 
"To  Corporation  Engaged  in  Furnishitig  or  Distributing  Coal 
Gas,  Water  Gas,  or  Mixed  Gas : 

"By  resolution  duly  adopted,  this  Commission  has  appointed 
February  i,  1910,  as  the  date  for  a  conference  with  repre- 
sentatives of  gas  companies  on  the  subject  of  standards  for 
the  measurement  of  the  value  of  gas. 

"The  particular  object  of  the  conference  is  to  obtain  an 
interchange  of  views  on  the  necessity  for  a  calorific  standard, 
and  on  all  questions  necessarily  incidental  thereto. 

"A  preliminary  inquiry  into  the  subject  has  been  completed, 
the  results  of  which  are  embodied  m  a  report  by  the  Chief  of 
Division  of  Light,  Heat  and  Power.  For  your  information 
therein  we  are  sending  you  under  separate  cover  a  printed 
copy  of  this  report. 
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"The  conference  will  begin  at  2  i*.  m,,  in  the  hearing  room 
of  this  Commission,  at  the  Capitol,  Albany,  on  the  above 
mentioned  date,  and  if  necessary  will  be  continued  the  fol- 
lowing day.  You  are  respectfully  requested  to  have  a  repre- 
sentative present.   - 

"Very  truly  yours, 

"J.  S.  Kennedy, 

"Secretary." 

(4)  The  conference  on  February  i,  1910,  decided  upon 
the  desirability  of  establishing  a  joint  committee  under  whose 
immediate  charge  and  direction,  subject  to  the  approval  of 
the  Commission,  the  inquiry  should  be  concluded. 

(5}  The  Commission  appointed  to  serve  on  such  commit- 
tee: 

Messrs.  Henry  C.  Hazzard,  Chief  of  Division  of   Light, 
Heat  and  Power. 
Howard  H.  Crowell,  Engineer  of  Division  of  Light, 

Heat  and  Power. 
Charles  H.  Stone,  Chief  Inspector  of  Gas,  Division 
of  Light,  Heat  and  Power. 
Thfi  gas   corporations   represented  at  the  conference   ap- 
pointed to  serve  on  such  committee : 

Messrs.  R.  M.  Searle,  Rochester  Railway  and  Light  Com- 
pany. 
W.  R.  Addicks,  Westchester  Lighting  Company. 
T.   R.   Beal,   Poughkeepsie  and   Newburgh  Light, 

Heat  and  Power  Companies. 
J.  C.  DeLong,  Syracuse  Lighting  Company. 
W.   T.    Morris,   United   States   Gas   and   Electric 

Company. 
M.  W.  Offutt,  Mohawk  Gas  Company. 
(6)  This  Joint  Committee,  of  which  Mr.  Henry  C,  Haz- 
zard was  elected  Chairman  on  February  11,  1910,  appointed 
a  sub-committee  of  three,  consisting  of  Messrs.  W.  R.  Ad- 
dicks, James  C.  DeLong  and  Charles  H.   Stone.     The  sub- 


D.gnzed  by  Google 


647 

committee  in  the  discharge  of  its  duties  submitted  the  fol- 
lowing report,  which  was  duly  adopted  by  the  Joint  Commit- 
tee at  a  meeting  held  March  ll,  1910,  and  revised  May  6, 
1910,  and  ordered  printed  for  the  guidance  of  those  partici- 
pating in  the  inquiry : 

REPORT  OF  A  SUB-COMMITTEE  OF  THE  JOINT 
COMMITTEE  OF  NINE. 


REPRESENTING    THE    NEW    YORK    PUBLIC    SERVICE    COMMISSION, 

SECOND  DISTRICT,  AND  REPRESENTATIVES  ELECTED  AT  A 

MEETING  OF  CAS  COMPANIES  IN  ALBANY, 

FEBRUARY  I,  I9IO 


At  a  meeting  of  the  Joint  Committee  held  in  Albany  Feb- 
ruary II,  1910,  resolutions  were  adopted  providing  for  the 
appointment  of  a  sub-committee  consisting  of  Mr.  Addicks, 
Mr.  DeLong  and  Mr.  Stone  to  prepare  and  submit  to  the 
Joint  Committee ; 

(i)   Specifications  for  a  primary  standard  calorimeter; 

(2)  Rules  and  regulations  for  the  installation  and  oper- 
ation of  calorimeters  at  plants  of  gas  corporations ; 

(3)  Suggestions  as  to  suitable  types  of  calorimeters  for 
use,  when  checked  against  the  primary  standard,  at  gas  plants. 

In  accordance  with  the  above,  your  sub-committee  begs 
leave  to  report  as  follows : 

I. 
HEATING  VALUE  OF  CAS. 

(i)  The  definition  of  the  heating  value  of  gas  adopted 
by  your  sub-committee  for  the  purposes  of  this  report  and 
the  investigations  to  be  hereafter  conducted  is  that  given  by 
the  American  Gas  Institute,  Vol.  III.,  1908,  page  383,  as  fol- 
lows: 

"The  heating  value  of  a  gas  is  the  total  heating  effect 
produced  by  the  complete  combustion  of  a  unit  volume  of 
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the  gas,  measured  at  a  temperature  of  60  degrees  Fahren- 
heit, and  a  pressure  of  30  inches  of  mercury,  with  air 
of  the  same  temperature  and  pressure,  the  products  of 
combustion  also  being  brought  to  this  temperature. 

"In  America  the  unit  of  volume  is  the  cubic  foot  and 
we  recommend  that  the  heating  value  be  stated  in  terms  of 
British  Thermal  Units  per  cubic  foot  of  gas." 

II. 

PRIMARY    STANDARD — TO    BE    MAINTAINED    AT    LABORATORY    OF 
THE   COMMISSION   AT  ALBANY. 

1.  The  Primary  Standard  shall  be  a  new  instrument,  and 
shall  consist  of  the  calorimeter  proper,  as  manufactured  by 
Junkers  &  Company,  Dessau,  Germany,  and  as  illustrated 
by  Instrument  No.  1221,  now  in  possession  of  the  Public 
Service  Commission  of  the  Second  District,  State  of  New 
York. 

2.  The  meter  for  measuring  the  gas  shall  be  a  wet  meter, 
having  a  drum  capacity  of  i/io  of  a  cubic  foot  for  each  revo- 
lution, and  with  an  outside  gauge  glass  for  indicating  the 
water  level.  The  dial  shall  read  in  tenths,  hundredths  and 
thousandths  of  a  cubic  foot.  This  meter  shall  be  of  the  size 
and  pattern  supplied  by  the  American  Meter  Company,  ful- 
fjling  the  above  requirement. 

3.  The  thermometers  for  use  in  determining  the  tempera- 
ture of  the  water  entering  and  leaving  the  calorimeter  shall 
be  of  the  design  recommended  by  the  Calorimetry  Committee 
of  the  American  Gas  Institute.  They  shall  have  a  range  of 
from  60  to  no  degrees  F.,  shall  be  subdivided  to  read  i/io 
of  one  degree,  and  shall  have  an  auxiliary  division  at  32 
degrees  F.  for  checking  the  ice  point.  They  shall  be  cali- 
brated throughout  their  entire  range. 

4.  The  thermometers  for  reading  the  temperatures  of  the 
gas,  the  atmosphere  and  the  exhaust  products  shall  be  gradu- 
ated in  degrees  F.,  shall  be  accurate  to  within  one-half  (yi)  of 
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one  degree,  and  shall  be  calibrated  throughout  their  entire 
range. 

5.  Gas  used  for  standardizing  purposes  shall  be  stored  in 
a  holder  of  not  less  than  50  cubic  feet  capacity, 

6.  The  gas  pressure  at  the  inlet  of  the  meter  shall  approx- 
imate existing  normal  distribution  pressure  supplied  to  con- 
sumers of  artificial  gas,  and  this  pressure  shall  be  added  to  the 
barometric  pressure  and  taken  into  account  when  making  the 
barometric  corrections  as  indicated  hereafter, 

7.  The  gas  governor  placed  between  the  meter  and  the 
burner  shall  be  of  the  float  type  now  supplied  with  the  Junkers 
Calorimeter. 

8.  Arrangements  shall  be  made  for  accurately  weighing  the 
water  passing  through  the  calorimeter,  and  the  balance  em- 
ployed shall  have  a  capacity  of  ten  ( 10)  pounds  avoirdupois, 
and  give  the  correct  weight  at  that  capacity  to  within  o.ooi 
of  one  pound, 

9.  The  calorimeter,  balance,  weights  and  thermometers 
shall  be  carried  to  Washington  and  there  standardized  and 
calibrated  by  the  National  Bureau  of  Standards.  The  gas 
meter  shall  be  tested  against  a  cubic  foot  bottle  bearing  the 
seal  of  the  said  National  Bureau  of  Standards. 

10.  The  water  supply  to  the  calorimeter  shall  be  filtered, 
and  so  arranged  that  the  water  entering  the  calorimeter  shall 
be  of  a  uniform  pressure  and  temperature,  and  that  tempera- 
ture shall  be  within  two  (2)  degrees  of  the  temperature  of 
the  atmosphere  surrounding  the  calorimeter,  and  of  the  ex- 
haust products  leaving  the  calorimeter. 

11.  The  gas  as  metered  and  entering  the  calorimeter  shall 
have  approximately  the  room  temperature,  and  shall  be  cor- 
rected to  60°  F,  and  30  inches  barometric  pressure,  the  latter 
to  be  read  from  U,  S.  Signal  Service  type  of  barometer, 

12.  The  calorimeters  shall  be  operated  with  the  minimum 
quantity  of  air  to  effect  complete  combustion  of  the  gas,  which 
shall  be  burned  at  a  rate  giving  the  maximum  calorific  effi- 
ciency. 
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J3-  Corrections  shall  be  made  for  atmospheric  humidity. 

14.  The  entire  apparatus  shall  be  installed  in  a  proper 
room  of  the  Laboratory  of  the  Public  Service  Commission, 
Second  District,  in  Albany. 

III. 

SECONDARY  STANDARD — TO  BE  USED  IN  CHECKING  THE 
CALORIMETERS  OF  THE  GAS  COMPANIES  IN  SITU. 

1.  The  Secondary  Standards  used  by  the  Public  Service 
Commission,  Second  District,  New  York,  shall  consist  of  cal- 
orimeters and  accessories  which  with  the  operating  methods 
employed  shall  give,  within  2  per  cent,  the  heating  value  of 
the  gas,  as  determined  by  the  Primary  Standard  heretofore 
recommended. 

2.  The  Secondary  Standards  shall  be  checked  against  the 
Primary  Standard  at  such  intervals  as  will  maintain  the  calori- 
meters and  accessory  apparatus  in  condition  to  fulfill  the  said 
2  per  cent,  requirement,  and  the  results  of  such  tests  shall 
be  recorded  and  filed. 

3.  The  Secondary  Standards  shall  be  used  for  checking  the 
calorimeters  of  the  companies  engaged  in  experimental  work 
relating  to  the  heating  value  of  artificial  gas ;  said  checking 
should  be  made  not  oftener  than  once  in  thirty  (30)  days, 
and  shall  be  made  at  least  once  in  ninety  (90)  days. 

IV. 
GENERAL  SPEaFICATIONS  AND  RECOMMENDATIONS  FOR  CALORI- 
METER INSTALLATIONS  BY  GAS  COMPANIES 
I.  We  recommend  the  adoption  of  a  calorimeter  of  the 
water  heater  type  (see  paragraph  2),  which  when  new  shall 
be  tested  against  the  State's  Primary  Standard,  and  we  feel 
that  an  instrument  should  be  required  to  have  an  efficiency 
within  2  per  cent,  of  the  Primary  Standard  (see  page  648). 
In  determining  the  calorific  value  of  the  gas  we  recommend : 
(a)  The  measuring  of  the  gas  in  cubic   feet   (see  para- 
graph 9). 
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(b)  Taking  all  temperatures  o£  air,  gas  and  water  with 
Fahrenheit  thermometers  (see  paragraph  22). 

(c)  Weighing  or  measuring  the  water  in  pounds  and  hun- 
dredths of  a  pound  (see  paragraph  30). 

(d)  Correction  of  the  volume  of  the  gas  to  standard  vol- 
ume, as  expressed  when  measured  at  a  temperature  of  sixty 
(60)  degrees  Fahrenheit,  and  barometric  pressure  of  thirty 
(30)  inches  of  mercury  (see  paragraph  29). 

(e)  Expressing  the  result  of  all  calorific  determinations 
in  British  Thermal  Units  (B,  t.  u.'s)  [see  page  648]. 

(f)  That  at  this  time,  with  the  information  before  us,  we 
believe  that  a  calorimeter  in  commercial  use  may  be  expected 
to  give  results  with  an  efficiency  within  3  per  cent,  of  the  Pri- 
mary Standard,  in  which  case  it  should  be  held  to  be  com- 
mercially correct.  A  record  should  be  kept  of  the  periodic 
tests  made  by  the  State's  Inspector  with  the  Secondary  Stand- 
ard. 

Calorimeter  Proper. 

2.  The  calorimeter  proper  shall  be  an  instrument  that  trans- 
mits directly  the  heat  evolved  by  the  burning  gas  to  a  quantity 
of  water :  it  shall  at  this  writing  be  of  a  design  operating  on 
the  principle  as  illustrated  by  that  of  the  Junkers  Gas  Calori- 
meter. This  calorimeter  shall  be  accompanied  by  accessories 
that  shall  measure  definitely  the  gas  burned;  the  water  heated 
and  the  temperatures  of  the  gas,  water,  air  and  exhaust  pro- 
ducts. 

3.  The  apparatus  should  be  designed  to  give  a  constant 
head  of  water  on  the  Calorimeter.  This  head  should  be  main- 
tained by  having  a  weir  overflow  on  the  inlet  at  some  distance 
above  the  top  of  the  calorimeter,  and  a  weir  overflow  at  the 
outlet.  The  rate  of  flow  through  the  calorimeter  should  be 
regulated  at  the  inlet  by  means  of  a  cock  with  graduated  scale. 

4.  The  calorimeter  should  be  so  built  that  the  water  will 
circulate  freely,  and  will  be  equally  distributed  throughout  the 
apparatus.     Baffle  plates  should  be  so  arranged  that  the  water 
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will  be  thoroughly  mixed  before  coming  in  contact  with  the 
bulb  of  the  outlet  themiometer,  insuring  a  correct  average 
reading.  The  design  shouid  be  such  that  air  pockets  cannot 
form  in  the  water  space  of  the  calorimeter. 

5.  The  calorimeter  should  be  made  of  bright  polished  metal, 
air  jacketed  in  all  its  parts. 

6.  There  should  be  a  damper  in  the  exhaust  gas  flue  which 
can  be  easily  adjusted,  and  which  cannot  be  moved  by  a  slight 
jar. 

7.  The  calorimeter  should  be  mounted  at  a  height  sufficient 
to  make  it  easy  to  put  the  burner  in  place,  and  on  legs  with  a 
spread  great  enough  to  insure  a  firm  base, 

8.  It  may  prove  desirable  in  practice  to  have  water  ther- 
mometers OH  the  same  level,  to  facilitate  readings,  as  recom- 
mended by  the  Calorimetry  Committee  of  the  American  Gas 
Institute.  The  openings  for  thermometers  should  be  large 
enough  to  take  a  No.  4  rubber  stopper. 

Meters. 

9.  For  a  meter,  we  recommend  a  wet  meter,  and  one  regis- 
tering i/io  cubic  foot  per  revolution. 

10.  The  large  dial  should  be  divided  into  100  equal  parts, 
with  every  tenth  part  distinctly  marked  to  facilitate  reading. 
In  addition  to  the  large  dial,  there  should  be  a  smaller  dial  to 
register  the  number  of  revolutions  of  the  large  hand ;  this 
dial  should  register  tens,  units  and  tenths  of  a  cubic  foot. 

11.  The  face  of  the  meter  should  be  enameled  and  no  glass 
used  on  the  front,  thereby  preventing  error  due  to  parallax. 
The  face  of  the  meter  should  be  easily  removable,  in  order 
to  get  at  the  shaft  and  the  stuffing  box  on  the  shaft.  This 
stuffing  box  should  be  of  a  size  large  enough  to  be  easily 
packed. 

12.  The  large  hand  of  the  meter  should  be  well  pointed, 
and  not  extend  to  the  outer  end  of  graduations  of  the  meter 
dial.     The  meter  should  have  leveling  screws. 

13.  Two  leveling  tubes,  placed  at  right  angles  to  each  other, 
should  be  securely  fastened  to  the  top  of  the  meter. 
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14-  The  meter  should  have  an  outside  gauge  glass  showing 
the  water  level.  This  glass  should  not  be  less  than  J^-inch, 
nor  more  than  ^-inch,  inside  diameter,  as  it  is  necessary  to 
have  tRe  glass  large  enough  to  be  readily  cleaned,  and  small 
enough  that  the  meniscus  formed  by  the  water  can  be  ac- 
curately read.  The  openings  from  the  gauge  to  the  meter 
should  be  unobstructed,  and  of  a  size  to  correspond  with  the 
size  of  the  gauge  glass.  A  fixed  point  to  show  the  correct 
water  level,  reading  to  the  bottom  of  the  meniscus,  should 
be  put  on  the  outside  of  all  water  level  gauge  glasses. 

15.  For  convenience,  a  standard  3-light  meter  union  should 
be  used  on  all  meters,  and  hose  nipples  for  J.^-inch  hose  should 
be  furnished  with  the  unions. 

16.  The  meter  should  be  provided  with  an  opening  for  the 
addition  of  water  when  needed.  This  can  be  done  by  using 
a  pet  cock,  with  a  small  covered  funnel  mounted  on  top,  con- 
nected to  the  top  of  the  gauge  glass  support. 

17.  An  opening  must  be  left  for  a  thermometer  in  or  near 
the  gas  outlet.  This  thermometer  should  have  a  metal  case 
and  read  to  one  degree  Fahrenheit,  with  a  range  of  from 
about  50  to  100  degrees,  and  accurate  to  within  }^  degree, 

18.  An  opening  with  a  plug  connection  should  be  left  on 
the  bottom  of  the  meter  to  drain  it  when  so  desired. 

19.  The  number  of  joints  liable  to  cause  leakage  should  be 
reduced  to  a  minimum. 

Gas  Pressure  Regulator. 

20.  The  pressure  of  the  gas  when  burning  in  the  calori- 
meter should  l)e  absolutely  uniform  to  obtain  correct  results, 
and  any  small  regulator  that  will  maintain  this  uniform  pres- 
sure will  be  satisfactory.  We  recommend  the  use  of  a  small 
wet  go\ernor,  similar  to  the  one  supplie<i  with  the  Junkers 
Calorimeter.  This  will  give  excellent  regulation,  and  will 
operate  without  chattering.  Such  a  regulator  should  be  con- 
structed so  as  to  be  readily  weighted  for  altering  the  delivered 
pressure. 
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Burners. 

21.  The  burner  should  be  a  long  tube  Bunsen,  having  a. 
spreader  on  top,  and  adjustable  air  mixer  which  can  be  easily 
reached  when  burner  is  in  position  in  the  calorimeter.  The 
burner  should  be  provided  with  a  stop-cock.  The  burner 
should  be  attached  to  the  calorimeter  in  such  a  way  that  the 
gas  flame  cannot  impinge  on  the  interior  body  of  the  calori- 
meter, and  when  the  burner  is  set  at  its  correct  position  it 
should  be  so  fastened  that  it  cannot  be  accidentally  shifted. 
The  condition  of  the  same  should  be  observable  by  the  oper- 
ator, either  directly  or  by  means  of  a  reflecting  mirror. 

Thermometers. 

22.  Accurate  thermometers  are  the  most  important  ac- 
cessories to  correct  calorimetry. 

23.  The  thermometers  for  reading  water  temperatures 
should  be  of  high  grade  quality,  and  should  read  accurately 
within  i/io  of  a  degree  Fahrenheit 

24.  The  thermometers  should  be  graduated  from  60  to  no 
degrees  Fahrenheit,  each  degree  to  be  divided  into  tenths,  with 
short,  distinct  graduations.  The  thermometers  should  be  so 
accurately  made  that  in  ordinary  commercial  work  corrections 
may  be  neglected.  With  each  thermometer  should  be  pro- 
vided a  calibration  curve,  which  should  enable  very  accurate 
results  to  be  obtained  whenever  it  was  deemed  necessary  to 
make  these  corrections. 

25.  This  matter  of  high-grade  thermometers  for  calorime- 
try  work  has  been  taken  up  with  several  thermometer  makers 
by  the  American  Gas  Institute's  Calorimetry  Committee, 
which  reported  that  Messrs.  Hohmann  &  Maurer,  of  Roches- 
ter, N.  Y.,  are  now  delivering  a  thermometer  that  has  been 
built  according  to  its  recommendations.  The  thermometers 
have  a  range  of  60  to  110°  F.,  and  graduated  to  i/ro  degree, 
having  an  auxiliary  division  at  32°  F.,  which  is  convenient  for 
carefully  checking  the  ice  point.  These  thermometers  are 
carefully  made  and  have  a  bore  that  is  exceedingly  uniform 
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and  accurate.     This  Committee  hopes  that  other  makers  will 
place  on  the  market  similar  instruments. 

26.  The  error  of  i/io"  above  mentioned  may  seem  to  be 
a  small  matter,  and  it  is  in  most  measures  of  temperature, 
but  when  the  calorific  value  of  an  artificial  gas  is  determined 
with  a  rise  in  the  water  temperature  of  15°  F,,  a  difference 
of  1/10°  means  an  error  of  1/150  of  the  total  heat  of  the  gas, 
or  about  four  (4)  B.  t.  u.'s. 

27.  When  doubt  arises  as  to  correctness  of  thermcmieters, 
we  recommend  their  calibration  by  the  National  Bureau  of 
Standards  at  Washington. 

28.  Telescopic  sights  for  reading  thermometers  should  be 
provided,  as  much  more  accurate  readings  can  be  obtained 
in  this  way. 

Barometer. 

29.  Corrections  for  variation  in  barometric  pressure  should 
be  made  in  measuring  the  volume  of  the  gas.  This  pressure 
should  either  be  obtained  by  means  of  a  mercury  column 
barometer  or  by  a  recently  calibrated  aneroid  barometer. 
Where  it  is  possible  barometer  readings  should  be  checked 
occasionally  with  readings  of  the  Government  Weather  Bureau 
of  the  city  in  which  the  readings  are  made.  Where  no  bar- 
ometer is  available,  it  may  be  possible  to  get  fairly  accurate 
figures  on  pressure  by  obtaining  from  the  local  Weather 
Bureau  the  barometer  readings  for  the  day,  and  correcting 
for  variations  in  elevation. 

Water  Supply  and  Measurement. 

30.  The  control  of  the  temperature  of  the  water  supply 
is  very  important  In  calorimetry,  and  this  temperature  should 
be  approximately  that  of  the  room  in  which  the  observations 
are  being  made.  Water  obtained  from  an  ordinary  house 
piping  system  is  apt  to  be  variable  in  pressure  and  tempera- 
ture, due  to  the  uneven  consumption  in  other  parts  of  the 
building,  and  possible  exposure  of  the  water  main  to  the  ex- 
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treme  temperatures  of  the  ground  or  atmosphere.  This  con- 
trol of  temperature  or  pressure  may  be  readily  obtained  by 
providing  a  permanent  water  supply  tank  in  the  upper  part 
of  the  calorimeter  room,  that  will  contain  enough  water  to  en- 
able the  readings  for  the  day  to  be  made.  A  flat  tank  of 
large  horizontal  area  is  preferable  to  a  deep  vertical  tank. 
The  exposed  surface  allows  the  water  to  come  to  the  tem- 
perature of  the  room  more  readily,  while  the  shallow  depth 
has  less  effect  on  the  head  as  the  water  is  being  used. 

31.  Should  a  number  of  continuous  readings  be  made  that 
will  require  more  water  than  is  contained  in  the  overhead  tank, 
a  simple  coil  gas  water  heater  may  be  employed  to  raise  the 
temperature  of  the  water  supply  to  the  overhead  tank,  so  that 
it  will  enter  this  tank  at  approximately  the  temperature  of  the 
room.  The  tank  will  then  act  as  an  equalizer  and  assist  in 
maintaining  a  uniform  temperature  and  pressure  of  water 
entering  the  calorimeter. 

32.  Water  may  be  collected  and  weighed  in  thin  sheet  metal 
containers,  holding  about  nine  (9)  pounds  of  water.  This 
size  container  will  hold  al!  the  water  required  in  burning  0.2 
of  a  cubic  foot  of  ordinary  illuminating  gas,  with  a  range  of 
about  fifteen  (15)  degrees  Fahrenheit  in  temperature  between 
the  inlet  and  outlet  water.  The  scales,  or  balance,  employed 
should  have  a  capacity  of  at  least  ten  pounds,  should  read  to 
i/ioo  of  a  pound,  and  should  be  calibrated  and  certified  to  as 
being  correct  by  proper  authorities. 

33.  Should  it  be  desired  to  measure  the  water  volumetri- 
cally,  instead  of  weighing  it,  graduated  vessels  may  be  em- 
ployed that  will  read  accurately  the  water  passed  through 
the  calorimeter  to  within  i/ioo  of  a  pound.  Such  vessels, 
however,  shall  be  approved  by  the  Commission  and  calibrated 
(by  State  or  National  authority)  at  60°  F.  and  accompanied 
by  a  curve  to  correct  for  other  temperatures. 

Gas  Piping  and  Tubing. 

34.  Gas  connections  for  a  calorimeter  should  consist  of 
metallic  piping  or  tubing  where  possible;  rubber  tubing  is 
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not  advisable,  but  when  necessary,  the  lengths  used  in  con- 
ducting the  gas  should  be  as  short  as  possible,  and  they  should 
be  thoroughly  saturated  with  gas  before  a  test  is  made. 
Humidity. 

35.  It  may  be  desirable  to  have  the  state  of  the  humidity 
of  the  atmosphere  during  the  test,  in  which  case  percentage 
readings  may  be  made  from  wet  and  dry  bulb  thermometers. 
For  accurate  work  these  wet  and  dry  bulb  thermometers 
should  be  arranged  so  that  the  average  humidity  of  the  room 
may  be  obtained.  This  may  be  done  by  having  a  whirling 
wet  thermometer,  or  having  a  constant  current  of  air  imping- 
ing upon  the  wet  bulb  from  an  electric  fan ;  or,  a  more  perfect 
instrument  in  the  form  of  an  Assman  Psychrometer  may  be 
obtained.  These  humidity  readings  of  the  atmosphere  will 
not  be  found  ordinarily  necessary  in  commercial  calorimetry, 
but  may  be  useful  if  it  is  desired  to  make  corrections  for  heat 
absorbed  in  saturatit^  the  products  of  combustion. 
Calorimeter  Cabinet. 

36.  To  facilitate  the  operation  of  the  calorimeters  at  the 
various  gas  plants,  the  calorimeters  should  preferably  be  in- 
stalled in  a  cabinet,  similar  to  that  recommended  in  the  Report 
of  the  Calorimetry  Committee  of  the  American  Gas  Institute, 
as  contained  in  the  American  Gas  Institute  Proceedings, 
Vol.  IV.,  1909,  pages  205  and  206.  This  sketch  repre- 
sents a  typical  cabinet,  suitable  for  use  in  some  convenient 
building,  either  at  the  gas  works  or  gas  office,  and  of  such  a 
design  that  when  the  calorimeter  is  once  placed  and  connected 
up,  it  may  be  kept  clean,  protected  and  ready  for  use  at  all 
times, 

37.  In  construction,  the  cabinet  should  be  made  as  dust 
tight  as  practicable.  Where  there  is  not  enough  head  room 
for  a  vertical  sliding  door,  horizontal  sliding  or  folding  doors 
may  be  substituted.  This  cabinet  should  provide  for  an  over- 
head water  tank,  and  may  be  most  conveniently  located  adja- 
cent to  a  sink  and  water  supply. 
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38.  The  gas  supply  line  to  the  calorimeter  should  have  a 
purging  connection.  All  cocks  controlling  the  gas  and  water 
supply  should  be  inside  of  the  cabinet,  and  the  cabinet  should 
be  kept  closed  and  locked  when  not  in  service. 

39.  This  cabinet  shall  not  be  near  any  gas  flame,  register 
or  other  object  radiating  heat;  direct  sunlight  shall  not  be 
allowed  to  strike  upon  it,  but  the  thermometers  and  meter 
shall  receive  sufficient  reflected  artificial  light  to  enable  them 
to  be  easily  read.  Since  drafts  must  be  rigorously  excluded,  it 
is  better,  wherever  possible,  to  set  aside  a  room  solely  for  the 
use  of  the  calorimetric  outfit. 

40.  The  adoption  of  such  an  installation  will  enable  a  cal- 
orific reading  of  the  gas  to  be  made  in  a  very  short  time,  and 
will  warrant  the  best  of  care  being  taken  of  the  calorimeter 
and  of  its  accessories. 

41.  After  installation  and  before  undertaking  investigations 
involving  experimental  data,  the  above  equipment  should  be 
inspected  by  the  Chief  Inspector  of  Gas  of  the  State  Com- 
mission and  have  the  approval  of  the  Commission. 


DIRECTIONS  FOR  OPERATING  A  CALORIMETER. 

1.  On  unpacking  the  Calorimeter,  see  that  it  is  cleaned  in- 
side and  out,  and  free  of  packing  material. 

2.  Study  carefully  the  erecting  directions  and  cuts  and  see 
that  all  parts  are  included. 

3.  Handle  the  thermometer  with  the  greatest  of  care. 

4.  The  Calorimeter  should  be  set  up  in  a  quiet,  light  and 
well-ventilated  room  or  cabinet,  which  is  free  from  draughts 
and  in  which  the  temperature  can  be  maintained  constant  at 
not  less  than  sixty  degrees  Fahrenheit.  The  room  should  be 
provided  with  a  sink  and  with  a  good  supply  of  running  water. 
It  is  advisable  to  have  a  large  shallow  overhead  covered  tank, 
from  which  the  water  supply  can  be  taken.  Should  the  tank 
capacity  be  small  and  not  hold  enough  water  for  a  prolonged 
series  of  readings,  a  small  gas  water  heater  may  be  employed 
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as  already  noted  to  bring  the  water  to  approximately  the  room 
temperature.  It  is  desirable  to  use  water  in  the  Calorimeter 
that  is  clear  and  free  from  suspended  matter,  therefore,  a 
filter  should  be  installed  in  the  water  supply  line  before  it 
enters  the  overhead  tank. 

5.  If  only  a  single  test  is  desired,  gas  may  be  taken  from 
the  house  piping,  but  if  an  average  value  is  required,  a  small 
gas  holder,  or  averaging  tank,  should  be  used,  and  the  gas 
flowing  into  the  holder  adjusted  to  a  rate  of  flow  to  just  fill 
it  in  the  time  during  which  the  sample  is  to  be  taken.  Care 
should  be  taken  to  have  a  short  service  to  this  holder  in  order 
than  an  average  sample  of  gas  may  be  obtained,  and  if  the 
sample  be  taken  from  a  line  on  which  there  is  no  considerable 
consumption,  see  that  this  line  is  thoroughly  purged  before 
sampling.  It  is  recommended  that  the  gas  be  metered  at  a 
pressure  not  to  exceed  2  inches  of  water;  if  this  is  not  obtain- 
able, it  is  advisable  to  insert  a  holder  or  diaphragm  governor 
in  the  supply  line  to  reduce  the  pressure  to  within  this  limit. 

6.  Set  up  the  calorimeter  so  that  the  overflow  and  outlet 
water  can  be  easily  led  to  the  sink.  Make  water  connections 
with  rubber  tubing,  being  careful  not  to  cramp  the  tubing. 
To  avoid  air  currents  caused  by  the  movement  of  the  ob- 
server's body,  set  up  the  calorimeter  so  that  the  water  sup- 
ply and  waste  may  be  easily  adjusted  and  that  all  tempera- 
tures may  be  readily  observed.  Lead  the  outlet  water  to  a 
waste  funnel  supported  a  little  above  the  top  of  the  copper 
or  glass  container  used  in  collecting  the  water,  so  that  the 
water  can  be  shifted  from  the  funnel  to  the  container  and 
back  without  spilling. 

7.  Set  up  the  gas  meter  facing  the  observer  and  level  it 
carefully.  Then  adjust  the  water  level  of  the  meter,  both  inlet 
and  oudet  being  open  to  the  air.  To  do  this,  remove  the  plug 
from  the  dry  well,  open  the  funnel  cock  and  disconnect  the 
tubing  on  the  outlet  of  the  meter.  With  one  finger  over  the 
dry  well  turn  on  the  gas  a  little  and  by  removing  and  replacing 
the  finger  see  that  there  is  no  water  in  the  dry  well.     If  water 
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be  found  therein  it  most  be  blown  out  by  gas  pressure.  Notice 
whether  the  water  in  the  gauge  glass  moves  freely,  as,  if  it 
does  not,  the  meter  is  out  of  order.  Now  remove  the  finger 
from  the  dry  well  and  add  or  remove  water  (through  the  fun- 
nel or  by  the  cock  under  the  gauge  glass)  until  the  lowest 
edge  of  the  meniscus  just  touches  the  scratch  on  the  gauge 
glass,  or  is  even  with  the  fixed  pointer.  Replace  the  plug  in 
the  dry  well,  close  the  funnel  valve  and  connect  the  governor. 
If  the  meter  has  been  filled  with  fresh  water  the  gas  must  be 
allowed  to  bum  at  least  two  hours  before  making  a  test. 
When  the  water  in  the  meter  is  saturated  with  gas,  twenty 
minutes  should  be  sufficient. 

8.  Fill  pressure  regulator  with  water,  then  connect  it  to  the 
calorimeter  burner.  Metallic  tubing  is  preferable,  but  when 
rubber  tubing  is  used  to  connect  meter,  pressure  regulator  and 
burner,  connections  should  be  as  short  as  possible,  and  should 
be  saturated  with  the  gas. 

9.  Turn  on  gas  and  allow  it  to  burn  for  5  or  10  minutes 
with  the  burner  on  the  table.  Shut  od  gas  at  burner  and 
watch  hand  on  meter  for  leakage.  Be  sure  that  all  leaks  are 
stopped  before  attempting  to  make  a  test.  Start  water  run- 
ning through  the  calorimeter  at  a  rate  of  about  three  pounds 
per  minute.  Then  regulate  the  gas  to  flow  at  the  rate  of  4  to 
7  feet  an  hour,  as  may  be  found  by  experiment  to  give  the 
highest  result  with  the  gas  to  be  tested,  admitting  enough  air 
through  the  burner  so  that  the  flame  shows  a  faint  luminous 
tip,  then  insert  the  burner  at  the  proper  height  in  the  calori- 
meter and  observe  again  the  condition  of  the  flame  to  see  that 
it  is  all  right,  using  a  mirror. 

10.  The  excess  of  air  passing  through  the  calorimeter  is 
controlled  somewhat  by  the  position  of  the  damper  in  the  ex- 
haust port,  and  the  best  results  are  obtained  by  having  the 
excess  air  as  low  as  possible  and  still  maintaining  complete 
combustion  of  the  gas.  Such  position  has  heretofore  been 
found  to  be  about  one-fourth  open  with  those  calorimeters 
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already  investigated ;  care  must  be  exercised  to  determine  this 
for  each  calorimeter. 

11.  Water  should  be  regulated  so  that  there  is  a  difference 
between  the  inlet  and  outlet  temperatures  of  about  15  degrees 
Fahrenheit.  The  temperature  of  the  inlet  water  should  vary 
but  little  when  an  overhead  tank  is  used  and  the  water  main-, 
tained  at  room  temperature.  Be  sure  that  both  overflows 
are  running. 

12.  Before  making  the  test  the  barometer,  temperature  of 
the  gas  at  the  meter,  temperature  of  room  and  temperature  of 
exhaust  products  should  be  recorded.  It  is  desirable  to  have 
the  temperature  of  the  inlet  water  and  temperature  of  exhaust 
products  as  nearly  as  possible  at  room  temperature,  in  order 
to  establish  more  nearly  a  thermal  balance;  the  difference  in 
these  temperatures  should  never  exceed  five  d^rees. 

13.  Next  allow  the  gas  to  bum  in  the  calorimeter  until 
a  thermal  balance  is  established,  or  until  there  is  the  least 
change  in  the  inlet  and  outlet  waters. 

14.  The  test  may  now  be  started  by  shifting  the  outlet 
water  from  the  funnel  to  the  container  just  as  the  large  hand 
on  the  meter  passes  the  zero  point.  Readings  are  then  made 
of  inlet  and  outlet  thermometers,  making  the  readings  as 
rapidly  as  the  observer  is  able  to  record  them  during  the  con- 
sumption, preferably  of  2/10  of  a  cubic  foot  of  gas.  At 
least  ten  readings  should  be  made  of  both  inlet  and  outlet 
water  temperatures.  Water  is  again  shifted  from  the  con- 
tainer to  the  waste  funnel  as  the  hand  passes  the  zero  point 
the  second  time.  Water  is  then  weighed,  or  measured.  The 
uncorrected  heating  value  per  cubic  foot  is  obtained  by  mul- 
tiplying the  difference  of  the  averages  of  inlet  and  outlet  tem- 
peratures, by  the  number  of  pounds  of  water  and  dividing 
by  two-tenths.  This  quantity  is  divided  by  the  correction  fac- 
tor for  barometer  and  temperature,  obtainable  from  tables,  to 
give  the  heating  value  at  30  inches  pressure  and  60  degrees 
Fahrenheit.     The  weight  or  contents  of  container  should  be 
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obtained  while  the  inside  is  wet.  This  may  be  done  by  filling 
it  with  water,  emptying  and  shaking  for  about  five  seconds  in 
an  inverted  position.  This  will  do  away  with  any  correction 
\vhere  several  consecutive  tests  are  required  with  same  con- 
tainer. 

15.  A  second,  and  perhaps  a  third  test  is  advisable,  and 
these  should  be  made  without  disturbing  the  existing  condi- 
tions, provided  all  readings  are  within  the  above  prescribed 
limits.  In  practice  the  operator  should  get  consecutive  results 
on  the  same  holder  of  gas  within  ten  (10)  B.  t  u's.  Under 
such  conditions  an  average  of  the  results  may  safely  be  taken. 
Results  as  Obtained  by  Catcuiation. 

16.  The  method  of  calculating  the  calorific  value  of  the  gas 
from  the  observations  indicated  is  very  simple  when  all  read- 
ings are  made  in  English  units,  as  recommended,  and  entered 
in  some  form  conveniently  arranged.  A  simple  record  sheet 
is  illustrated  in  the  American  Gas  Institute  Proceedings,  Vol. 
III.,  J908,  page  320. 

17.  The  averages  of  the  inlet  and  outlet  water  tempera- 
tures are  made  and  any  correction  for  thermometer  error 
allowed  for.  The  difference  in  these  averages  should  give  the 
rise  in  temperature  of  the  water.  This  rise  in  temperature 
of  the  water  is  then  multiplied  by  the  number  of  pounds  of 
water  passed  through  the  calorimeter  during  the  test.  The 
product  of  these  two  is  then  divided  by  the  quantity  of  gas 
burned,  either  o.i  or  0,2  of  a  cubic  foot  as  may  be.  This 
quotient  will  give  the  heating  value  of  one  cubic  foot  of  gas 
in  B.  t.  u's.  at  the  indicated  temperature  and  barometric  pres- 
sure. To  correct  this  to  60°  F.  and  30  inches  pressure,  divide 
by  the  "Correction  Factor"  for  the  indicated  temperature  and 
pressure  as  obtained  from  some  standard  table,  a  copy  of 
which  may  be  found  opposite  page  373  of  the  Proceedings 
of  the  American  Gas  Institute,  Vol.  III.,  1908.  The  final 
result  will  be  corrected  heating  value  of  the  gas  tested,  in 
B.  t.  u's. 
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i8.  Expressing  the  above  in  a  formula  we  have: 

B.  t.  u's.  per  cubic  foot  =  ^       ^ 

W=:Weight,  in  pounds,  of  water  passed. 

T=the  average  difference  in  temperature,  in  degrees 

Fahrenheit,  between  inlet  and  outlet  water. 
G=corrected  volume  of  gas  burned,  in  cubic  feet. 

Use  of  Computer. 

19.  The  labor  of  making  the  calculations  for  determining  the 
heating  value  from  observations  of  a  calorimeter  may  be  les- 
sened by  the  use  of  a  heating  value  computer.  The  computer 
consists  of  a  circular  slide  rule,  with  divisions  corresponding 
to  the  readings  made  on  the  calorimeter.  This  computer  gives 
the  corrected  heating  value  of  a  cubic  foot  of  gas  in  B.  t.  u's, 
having  the  barometer  and  temperature  of  the  metered  gas, 
and  the  difference  in  temperature  between  the  inlet  and  out- 
let water  and  the  pounds  of  water  passed.  This  computer  is 
designed  to  operate  within  the  limits  of  from  300  to  800  B. 
t.  u's.  Should  a  gas  of  a  lower  or  higher  heating  value  be 
measured,  the  computer  can  still  be  used  by  dividing  or  multi- 
plying one  or  the  other  of  the  factors  in  its  computation.  A 
cut  of  this  computer  may  be  found  on  page  373,  Vol.  III., 
Proceedings  of  the  American  Gas  Institute. 

Care  of  Instruments. 

20.  The  calorimeter,  being  a  delicate  and  sensitive  instru- 
ment, should  be  very  carefully  cared  for  when  not  in  use.  If 
the  instrument  is  set  up  permanently,  provision  should  be 
made  that  it  be  not  disturbed  by  anybody  except  the  operator. 
If  the  instrument  is  not  erected  permanently,  when  dismantled 
it  should  be  carefully  cleaned  inside  and  out  and  the  thermo- 
meters removed  and  carefully  packed  in  cotton. 

21.  It  seems  hardly  necessary  that  instruction  should  be 
given  for  the  care  of  such  an  instrument,  but  certain  pre- 
cautions should  be  noted. 
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Precautiotis — "Don'is." 

22.  Don't  place  lighted  burner  in  calorimeter  when  water 
is  not  running  through  the  calorimeter. 

Don't  shut  off  water  while  gas  is  burning,  but  if  water  b 
accidentally  shut  off,  then  shut  off  the  gas  quickly,  to  avoid 
breaking  thermometers- 

Don't  move  suddenly  near  instrument  during  test.  Slight 
drafts  thus  caused  will  vary  outlet  readings  and  vitiate  test. 

Don't  fail  to  check  daily  the  water  level  in  the  gas  meter. 

Don't  forget  to  test  meter  and  all  connections  daily  for 
leakages. 

Don't  erect  the  calorimeter  too  close  to  any  heating  appli- 
ances, where  radiant  heat  might  affect  the  readings. 

Don't  make  the  test  with  the  inlet  water  temperature  over 
5  degrees  above  or  below  the  temperature  of  the  room. 

Don't  fail  to  fill  the  overhead  tank  with  water  when  throt^h 
testing  so  that  it  will  be  ready  for  the  next  test. 

Note: 

23.  That  an  error  of  1/10°  F.  in  water  temperature  means 
an  error  of  about  four  B.  t.  u's.  in  the  gas. 

That  an  error  of  i/ioo  of  a  pound  of  water  when  burning 
0.2  of  a  cubic  foot  of  gas  in  the  test  means  an  error  of  about 
0.9  B.  t.  u's,  in  the  gas. 

That  an  error  of  one  degree  in  the  temperature  of  the  gas 
means  an  error  of  about  1.8  B.  t.  u's. 

That  an  error  of  i/io  of  an  inch  in  Barometer  reading 
means  an  error  of  about  2  B.  t.  u's. 

That  when  metering  the  gas,  each  additional  inch  of  water 
pressure  to  which  the  gas  is  subjected  means  an  error  of  about 
1,5  B.  t.  u's. 

VI. 

SLGCESTION   OF  SEVERAL  TYPES  OF  CALORIMETERS  SUITABLE  TO 

USE  WHEN  CHECKED  BY  THE  PRIMARY 

STANDARD  ADOPTED 

The  Committee  believes  that  any  calorimeter  of  the  water 
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lieater  type,  when  fitted  with  the  accessories  as  provided  in 
the  recommendations  of  the  Committee,  that,  when  new,  will 
test  with  the  Primary  Standard  within  two  per  cent,  would 
be  suitable  for  commercial  use  by  any  company. 

From  the  information  available,  the  Junkers,  the  Improved 
Sargent,  or  American  Meter  Company  calorimeters  are  types 
of  instruments  which  seem  to  be  available  for  immediate  use 
by  the  Companies,  but  they  must  in  each  case  be  equipped 
with  the  accessories  as  provided  in  the  recommendations  of 
the  Committee.  Any  instrument  of  the  above  mentioned  types 
must  pass  the  prescribed  test  against  the  Primary  Standard. 

We  believe  that  all  makers  of  instruments  of  the  water 
heater  type  prescribed  should  be  encouraged  to  place  their 
instruments  in  use. 

Dr.  Arthur  H.  Elliott,  Ph.  D.,  of  New  York,  and  J.  B. 
Klumpp,  M.  E.,  of  Philadelphia,  met  with  the  Committee ;  they 
entered  into  its  discussions,  aided  in  the  determinations  and 
join  in  the  conclusions  of  the  Committee. 

W.  R.  Addicks,  Chairman, 
James  C.  Delong, 
Chas.  H.  Stone. 

February  25,  1910. 
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APPENDIX  G. 

kbprint  of  plan  of  calobimstric  investigation  and  ex- 
planation OF  TEST  AND  REFOBT  FORMS 

Tentatively  adopted  January  26,  1912,  by  the  Joint  Com- 
mittee on  Calorimetry,  representing  the  Public  Service  Com- 
mission and  Gas  Corporations  in  the  Second  Public  Service 
District,  New  York  State. 

INTRODUCTORY 

On  May  6,  1910,  this  Committee  adopted  certain  Calori- 
metric  Kules,  Regulations  and  Specifications  which  were 
printed  and  a  copy  sent  to  each  gas  company  operating  in  the 
second  public  service  district  in  New  York  State,  References 
made  hereafter  to  "Calorimetric  Rules,  Regulations  and  Speci- 
fications" refer  to  this  pamphlet.     (See  Appendix  F,  page  645). 

A  number  of  companies  at  once  purchased  and  installed 
instruments  in  accordance  with  these  specifications  and  started 
daily  tests  to  determine  the  calorific  value  of  their  gas  for  the 
assistance  of  the  Committee  in  its  investigation. 

As  other  companies  are  becoming  interested  in  the  inves- 
tigation and  are  deciding  to  participate,  it  has  become  neces- 
sary to  devise  a  definite  plan  for  the  investigation  in  order 
that  the  results  obtained  in  different  localities  and  under  dif- 
ferent conditions  may  be  analyzed  intelligently,  and  correct 
conclusions  drawn  therefrom. 

The  Committee  is  making  a  very  comprehensive  study  of 
this  entire  subject  and  the  plan  formulated  is  therefore  more 
elaborate  than  would  be  the  case  if  merely  the  calorific  values, 
without  reference  to  operating  conditions,  were  desired. 
PI,AN   OF   INVESTIGATION' 

The  plan  formulated  comprises : 

I.  The  making  of  daily  calorimetric  tests  and  the  recording 
daily  of  certain  works  data.  Form  A  is  to  be  used  for  this 
purpose.     (See  insert  opposite  page  680). 
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2.  The  submitting  to  the  Committee  monthly  of  the  results 
of  the  daily  tests  and  of  monthly  averages  and  totals  of  works 
data.  Form  B  is  to  be  used  for  this  purpose.  (See  insert 
opposite  page  680.) 

3.  The  furnishing  to  the  Committee  of  information  regard- 
ing operating  conditions,  and  apparatus  and  methods  in  use. 
A  map  or  sketch  with  an  accompanying  letter  of  explanation 
and  description  is  to  be  used  for  this  purpose.     (See  page  675.) 

EXPLANATION  OF  TEST  AND  REPORT  FORMS. 

Apparatus  in  Use — 

1.  Each  piece  of  apparatus  will  be  given  a  designating  letter 
or  number  (see  page  675,  paragraph  6f),  and  this  letter  or 
number  may  be  used  in  noting  the  apparatus  in  u.se  each  day. 

Send  Out— 

2.  The  maximum,  minimum  and  average  daily  send  out  will 
be  reported  monthly  and  the  figures  will  be  obtained   from 

these  daily  entries. 

lyorks  Started  (First  Blast  On)  at 
Works  Shut  Dotm  (Last  Run  Off)  at— 
Duration  Intermediate  Shut  Down — 

Total  Works  Operation— 

3.  The  maximum,  minimum  and  average  hours  per  day  of 
works  operation  will  be  reported  monthly  and  the  figures  will 
be  obtained  from  these  daily  entries. 

Yield  Per  Lb.  Coal— 

Oil  Per  M.— 
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Generator  Fuel  Per  M. — 

4.  In  many  instances  it  would  be  extremely  difficult  to  de- 
termine these  figures  with  any  degree  of  accuracy  on  a  daily 
run  and  in  such  cases  it  need  not  be  attempted.  On  the  other 
hand,  if  it  is  the  practice  to  make  these  calculations,  the  figures 
should  be  entered  for  comparison  with  the  monthly  measure- 
ments.    (See  page  673,  paragraph  5.) 

Enricher  Per  100  Lbs.  Coal  Carbonized — 

5.  The  unit  of  "100  pounds  coal  carbonized"  has  been 
adopted  as  a  fair  basis  for  comparison. 

The  calculation  should  be  made  and  the  figures  entered 
daily. 

Kind  of  Enricher — 

6.  If  cannel  coal  is  used,  the  grade  of  this  coal  should  be 
given,  or  if  oil,  the  kind  of  oil.  The  practice  in  regard  to 
this  subject  should  be  explained  in  considerable  detail  in  the 
letter.     (See  page  621,  paragraph  61.) 

Duration  of  Charge — 

7.  The  duration  of  charge  each  day  should  be  noted  so  that 
the  average  daily  duration  of  chaise  for  the  month  can  be 
obtained. 

Mixed  Gas 
Coal  Gas — per  cent,  Water  Gas — per  cent. 

8.  This  is  self-explanatory. 

Time  of  Test — 

9.  A  calorimetric  test  consists  of  one  or  more  sets  of  read- 
ings taken  continuously.     On   the   form,  three  columns  are 

Note— The  lerm  "  Corrtrtsd  Gas  "  tnMns  that  thf  quantilf  of  (».  ai  meanirrd 
by  a  meter,  has  been  eorreeled  to  a  Kandard  of  Tolunie  as  represented  wben  mMnred 
at  a  leniper»lureor6o°  Fahrenheit  and  a  barometric  prcBinre  of  30  inches.  The  G|are 
for  conecled  laa  i«  obtained  by  mnlliplylng  Ihe  voIutdc  of  uncorrected  gas  by  a  factor 
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the  test.     (See  Calorimetric  Rules,  Regulations  and  Specifi- 
cations, Appendix  F,  page  659,  paragraph  5.) 

Minimum  Temperature  to  Which  Gas  Has 
Been  Subjected  Before  Test — 

14.  This  temperature  may  be  obtained  by  the  use  of  an 
hygrometer.  (See  Proceedings  American  Gas  Institute,  Vol, 
I.,  1906,  pages  601  and  602  ) 

Rale  of  Combustion  Per  Hour — 

15.  See  Calorimetric  Rules,  Regulation j  and  Specifications, 
Appendix  F,  page  660,  paragraph  9. 

Exhaust  Temperature — 
Gas  Temperature — 

16.  See  Calorimetric  Rules,  Regulations  and  Specifications, 
Appendix  F,  page  661,  paragraph  12. 

Total  Pressure  Correction — 

17.  This  means  that  the  water  pressure,  at  meter  outlet, 
in  inches,  is  calculated  to  inches  of  mercury  and  added  to 
the  barometric  reading.  It  is  desired  to  correct  the  pressure 
of  the  gas  to  30  inches  of  mercury,  from  the  combination  of 
the  barometric  pressure  and  the  inches  of  mercury  calculated 
from  the  water  pressure  at  which  the  gas  is  burned. 

Correction  Factor — 

18.  See  Table,  pages  676  and  677. 

Uncorrected  Gas  Used  in  Test — 
Corrected  Gas  Used  in  Test — 

19.  (See  footnote,  page  668.) 

Weight,  Water  and  Pail — 
Weight,  Pail  Empty- 
Weight,  Water— 

20.  See  Calorimetric  Rules,  Regulations  and  Specifications, 
Appendix  K,  page  656,  paragraph  32 ;  also  Appendix  F,  page 
661,  paragraph  14. 
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Temperature  of  Water — 

21.  Readings  1-20,  See  Calorimetric  Rules,  Regulations 
and  Specifications,  Appendix  F,  page  661,  paragraph  14. 

Average  Temperature— ~ 

22.  The  average  temperatures  will,  of  course,  be  obtained 
by  adding  all  the  temperatures  taken  and  dividing  by  the  num- 
ber of  readings.     Space  is  provided  for  this  calculation. 

Thermometer  Correction — 

23.  This  figure  will  be  obtained  from  the  calibration  curve. 
See  Calorimetric  Rules,  Regulations  and  Specifications,  Appen- 
dix F,  page  654,  paragraph  24;  also  paragraphs  22,  23,  24  and 
26,  page  655. 

Stem  Correction — 

24.  See  page  679. 

Corrected  Average  Temperature — 

25.  This  means  the  average  temperature  after  the  two  cor- 
rections, thermometer  and  stem,  have  been  applied. 

Rise  in  Temperature — 

26.  The  rise  in  temperature  equals  the  corrected  average 
outlet  temperature  minus  the  corrected  average  inlet  tempera- 
ture. 

Calculation — 

27.  The  general  formula  is : 

■ '""' ""  'gTT' 

W  —  Weight  of  water. 

T  =  Rise  in  temperature  of  water. 

G  =  Corrected  gas  used  in  test. 

e  =:  Efficiency  of  instruments  in  tenths  of  I  per  cent. 
This  figure  is  obtained  from  the  most  recent  com- 
parison of  the  instrument  with  the  State  standard. 
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In  the  blank  formula  as  stated  on  the  form,  the  numerator 
contains  the  figure  i,ooo,  so  that  the  efficiency  can  be  stated 
in  whole  numbers  and  decimals  thus  avoided. 

A  computer  may  be  used  in  making  the  calculations  after 
the  blank  formula  has  been  filled  out,  but  if  this  is  done  the 
correction  for  efficiency  will  have  to  be  made  separately. 
(See  Calorimetric  Rules,  Regulations  and  Specifications,  Ap- 
pendix F,  page  663,  paragraph  19.) 

Average  ■=. B.  t.  u. 

28.  The  results  obtained  with  the  different  sets  of  readings 
should  check  within  10  B,  t.  u's.  Under  such  conditions  the 
average  of  these  results  should  be  obtained  and  this  figure 
will  be  the  one  traiTsferred  to  the  Monthly  Summary,  Form 
B.  (See  Calorimetric  Rules,  Regulations  and  Specifications, 
Appendix  F,  page  662,  paragraph  15.) 


Cool  Gas  Made — 
Carbureted  Water  Gas  Made — 
Mixed  Gas  Made— 

1.  This  refers  to  the  gas  made  during  the  calendar  month. 
Whether  the  figures  are  for  uncorrected  or  corrected  gas 
should  always  be  indicated. 

Daily  Send  Out,  Maximum — 
Daily  Send  Out,  Minimum — 
Daily  Send  Out,  Average — 

2.  These  figures  will  be  obtained  from  the  entries  for  "Send 
Out"  on  Form  A,     (See  insert  opposite  page  680.) 

Gas  Enriched  (Yes  or  No) — 
Gas  Enriched  (Hoii.') — 

3.  This  subject  will  be  reported  on  fully  in  the  letter.  ( See 
page  678,  paragraph  6-1)  but  should  also  be  reported  on, 
briefly,  opposite  these  headings.  (See  also  "Average  En- 
richer"  and  "Kind  of  Enricher,"  page  673,  paragraphs  7  and  8.) 
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Hours  Per  Day  Works  Operation,  Maximum — 
Hours  Per  Day  Works  Operation,  MinimMin — 
Hours  Per  Day  Works  Operation,  Average — 

4.  These  figures  will  be  obtained  from  the  entries  on  Form 
A  for  "Total  Works  Operation." 

Average  Yield  Per  Lb.  Coal — 

Average  Oil  Per  M. — 

Average  Generator  Fuel  Per  M.  — 

5.  These  figures  should  be  based  on  measurements  ol  the 
coal,  oil  or  fuel  on  hand  at  the  be^nning  and  end  of  the  month 
and  not  on  the  averages  of  the  entries  on  Form  A.  (See  page 
668,  paragraph  4.) 

Kind  of  Coal — 

6.  The  information  desired  is  the  commercial  name  of  the 
coal  used  and  the  mine  from  which  it  comes,  if  this  is  known. 

Average  Enricher  Per  100  Lbs.  Coal  Carbonised — 

7.  This  figure  will  be  the  average  of  the  daily  entries  on 
Form  A.     (Insert  opposite  page  680.)        • 

Kind  of  Enricher — 

8.  (See  page  668,  paragraph  6.) 

Average  Duration  of  Charge — 

9.  This  figure  will  be  the  average  of  the  daily  entries  on 
Form  A.     (Insert  opposite  page  680.) 

Kind  of  OH- 
IO. This  entry  should  give  the  "kind  of  oil,"  the  district 
where  the  oil  is  produced,  if  definitely  known,  and  the  specific 
gravity  in  degrees  Beaume,  if  this  figure  is  available.  If  the 
companies  have  any  distillation  test  figures,  they  should  be 
given. 

Kind  of  Fuel— 

II.  This  entry  should  state  whether  coal  or  coke  is  used, 
and  if  the  latter,  whether  retort  or  oven. 
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Mixed  Gas. 
Coal  Gas  —  per  cent..  Water  Gas  —  per  cent. 

12.  These  figures  will  be  the  average  of  the  corresponding 
entries  on  Form  A.     (See  insert  opp.  page  680.) 

Calorific  Values — 

13.  As  explained,  page  668,  paragraph  9,  a  test  consists  of 
one,  two  or  three  sets  of  readii^s.  This  form  provides  space 
for  only  one  test  per  day  at  works  and  one  at  office,  or  some 
other  location.  If  more  tests  are  made,  additional  sheets 
should  be  used. 

The  figure  to  be  entered  will  be  taken  from  Form  A, 
(See  insert  opp.  page  680.)  "Average  B.  t.  u.,"  but  the  near- 
est whole  number  should  be  given  and  decimals  eliminated. 

Candle-Power — 

14.  The  candle-power  figures  to  be  entered  should  be  taken 
from  Form  A,  (see  insert  opp.  page  680),  "Candle  Power." 
The  entry  should  not  represent  the  average  of  all  photometric 
tests  made  during  the  day,  but  should  be  the  candle-power 
at  the  time  the  calorimetric  test  is  made.  The  candle-power 
should  be  stated  with  only  one  decimal. 

Minimum  Temperature  Gas — 

15.  As  explained  in  the  note  on  the  form,  this  refers  to 
the  minimum  temperature  to  which  the  gas  has  been  subjected 
before  test.  The  figures  should  be  taken  from  the  corres- 
ponding entries  on  Form  A.     (See  insert  opp-  page  680.) 

Temperature  of  Atmosphere — 

t6.  The  maximum  and  minimum   temperature  of  atmos- 
phere should  be  stated  in  degrees  Fahrenheit.     As  no  space  is 
left  for  them  on  Form  A  they  may  be  entered  daily  on  Form  B. 
(See  insert  opp.  page  680.) 
Maximum — 
Minimum — 

17,  Refers  to  figures  in  columns  above. 
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Note— 

J  8.  When  calorimetric  or  photometric  tests  are  made  at 
both  works  and  office  or  some  other  location,  the  tests  at  the 
two  places  should  be  made  simultaneously. 

MAP  AND  LETTER. 

1.  A  detailed  map,  or  if  this  is  not  possible,  a  sketch,  on 
paper  Syi  inches  by  14  inches  should  be  submitted. 

2.  This  map  or  sketch  should  show  the  relative  location 
of  the  works  and  holders  and  should  indicate  the  points  at 
which  the  tests  are  made. 

3.  If  these  tests  are  made  at  a  distance  from  the  works,  this 
distance  following  the  course  taken  by  the  gas  should  be  ac- 
curately shown.  Also  if  any  exposed  bridges  have  been 
crossed,  or  if  the  line  runs  under  water,  these  points  should 
be  made  clear. 

4.  Such  map  or  sketch  will  be  asked  for  but  once  unless 
changes  are  made,  and  it  should  therefore  contain  information 
regarding  all  matters  which  are  liable  to  affect  the  results  ob- 
tained in  the  tests. 

5.  The  map  or  sketch  should  be  accompanied  by  a  letter, 
also  on  paper  Syi  inches  by  14  inches,  containing  a  general 
description  of  the  apparatus  and  methods  employed, 

6.  Such  letter  should  state : 

(a)  Kind  of  gas  made. 

(b)  Manufacturing  capacity  of  plant,  giving  figures  for 
coal  gas  and  water  gas  separately. 

(c)  Gas  holder  capacity  at  plant. 

(d)  Gas  holder  capacity  outlying. 

(e)  Holders  housed  or  exposed. 

(f)  List  of  generator  apparatus  with  type  and  capacity 
of  each  piece  of  apparatus.  The  different  pieces  of 
apparatus  may  be  designated  by  a  letter  or  number 
for  future  reference. 

(g)  Type  and  make  of  calorimeter, 
(h)  Type  and  make  of  photometer. 
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(i)  Type  of  standard  and  burner  used  in  photometer 
test. 

(;)  General  description  of  the  methods  used  and  con- 
ditions under  which  the  tests  are  made.  For  ex- 
ample, such  a  description  might  be  that  the  calorific 
and  candle-power  values  are  taken  at  office  located 
at  works,  that  the  gas  is  taken  from  inlet  of  the 
street  governor  and  has  been  in  the  storage  holder, 
and  that,  as  this  holder  is  exposed,  the  probabilities 
are  that  the  gas  has  been  subjected  to  the  extreme 
temperatures  of  the  atmosphere. 

Or,  for  another  example,  that  the  tests  are  made 
at  the  company's  office,  located  a  mile  from  the 
.  works,  that  the  gas  is  taken  from  the  house  piping 
or  that  it  is  taken  from  an  individual  service;  if  this 
service  is  any  way  exposed  to  the  temperature  of 
the  atmosphere,  it  should  be  mentioned ;  that  the 
gas  has  passed  over  an  exposed  bridge  as  shown  on 
the  map,  etc. 

(k)  Concise  statement  of  how  the  gas  is  stored  and  ex- 
posed before  it  is*delivered  to  the  street  mains. 

(1)  Concise  statement  of  methods  employed  in  enriching. 

Wm.   McCellan,   Chairman, 
A.  H.  Elliott, 
J.  B.  Klumpp, 
C.  F.  Leonard, 
C.  H.  Stone. 
January  26,  1912. 


D.gnzed  by  Google 


lARY  MONTH  eP„ 


CdiIChKUI 

CbMMl  VM  Ch  M>^  ... 


'■•    -    fa-) 


ktSSr'         D^S^OmM 


..-  la 


Ah.  liiUpa  k.  ad  ■ini.iniJ  ■■  ... 
KMJa^ 


..  cd  »li»iJ Jbi. .^ 


A<i.  <lnlio  J  dM| 


RNuiT«  or  jnr» 

"~¥* —  -.—     ..... 

|=EEEEEEgEE.=EEEEz.EEEfeE 


The  actual  sixe  of  tbis  fonn  is  tl>j"  z  ii". 


679 

STEU  CORSECTION. 

In  general,  all  corrections  are  determined 
sion,  i,  e.,  for  the  condition  where  both  bull 
themometer  are  at  the  same  temperature, 
stem  is  emergent  into  space,  either  hotter  o  ■ 
temperature  of  the  bulb,  a  stem  correction 
to  the  observed  reading. 

This  so-called  stem  correction  may  be  cci 
number  of  degrees  emergent  and  the  difFereni : 
between  the  bath  and  the  space  above  it  an 
amount  to  more  than  68°  F.  for  measurer 
a  mercury  thermometer  at  752°  F. 

For  the  glass  of  which  this  thermometer  : 
correction  may  be  computed  from  the  follow! 
Stem  correction=o.oooo88  x  n  (T" — 1°) 
n=:number  of  degrees  emergent  from  tl 
T=temperature  of  bath. 
t=mean  temperature  of  the  emergent  si' 

The  mean  temperature,  t",  may  be  approxii 
by  means  of  a  small  auxiliary  thermometer 
the  emergent  stem,  or  by  surrounding  the  la: 
water  jacket  and  taking  the  temperature  of 
the  auxiliary  thermometer,  or,  more  accural 
su^ested  by  Guillaume,  by  exposing  an  exa; 
and  capillary  mercury  thread  beside  the  em<. 
thus  measuring  its  mean  temperature. 

This  is  also  conveniently  carried  out  with  tl 
mometer"  (Fadenthermometer)  of  Mahlke,  i 
pansion  of  the  mercury  in  the  capillary  tube 
ured  on  a  still  liner  capillary  stem. 

Example — 

Suppose  that  the  observed  temperature  v 
thermometer  was  immersed  to  the  32°  mark 
that  53°  of  the  mercury  colimin  projected  out 


,CtH>j^le 


the  mean  temperature  of  the  emergent  column  was  found  to 
be  70°  K.,  then — 

Stem  correction  —  0.000088  x  53  (85 — 70). 
=0.07° 

As  the  stem  was  at  a  lower  temperature  than  the  bulb,  the 
thermometer  read  too  low,  so  that  this  correction  must  be 
added  to  the  observed  reading  to  find  the  reading  correspond- 
ing to  total  immersion,  i.  e.,  85.00°  -|-  0.07°  ^=  85.07°  F. 

This  correction  must  be  considered  in  addition  to  any  cor- 
rection shown  by  the  certificate  accompanying  the  thermome- 
ter. 

For  further  information  in  regard  to  this  subject  see  "The 
Correction  for  Emergent  Stem  of  the  Mercurial  Thermome- 
ter," published  by  the  U.  S.  Bureau  of  Standards  as  Reprint 
No.  170. 
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HENRY  EASTLAKE  ADAMS. 

Mr.  Adams  died  suddenly  March  rath,  1913,  in  Stockton, 
California.  Mr.  Adams  entered  the  gas  business  upon  leav- 
it^  the  Stockton  High  School  in  1882  under  his  father  and 
upon  the  death  of  the  latter  in  1893  succeeded  him  as  Super- 
intendent and  later  became  Manager  of  the  Stockton  Gas, 
Light  &  Heat  Company,  which  position  he  retained  until  own- 
ership of  the  corporation  went  into  other  hands  when  he 
entered  the  service  of  the  Oro  (California)  Electric  Com- 
pany which  position  he  held  at  the  time  of  his  death. 

Mr.  Adams  was  a  charter  member  of  the  Pacific  Coast  Gas 
Association,  its  President  at  the  time  of  his  death,  and  a 
charter  member  of  the  American  Gas  Institute, 

He  was  a  man  of  marked  ability  and  a  personality  that  com- 
manded respect. 

JOHN  A.  COFFIN. 

Mr.  Coffin  was  one  of  the  early  members  of  the  New  Eng- 
land Association  of  Gas  Engineers  having  become  a  member 
in  1883  and  was  a  Past  President  of  that  Association,  he  was 
a  charter  member  of  the  Guild  of  Gas  Managers,  became  a 
member  of  the  American  Gas  Light  Association  in  1886  and 
was  a  charter  member  of  the  American  Gas  Institute. 

Mr.  Coffin  was  in  his  60th  year  when  he  died  at  his  home  in 
Gloucester,  Mass.,  where  he  successfully  managed  the  Gas 
Company  for  a  great  many  years. 

He  was  always  a  popular  citizen  and  was  beloved  by  a 
large  circle  of  friends.  Of  a  genial  and  pleasant  personality 
he  became  prominent  in  gas  circles  and  was  particularly  active 
in  New  England  gas  matters. 

DAVID  DOUGLAS. 

Mr.  Douglas,  President  and  General  Manager  of  the  Eau 

Claire  Gas  Light  Company,  Eau  Claire,  Wis.,  died  April  30th, 

1913,  in  his  68th  year,  having  been  a  prominent  member  of 

the  gas  fraternity  for  over  forty  years. 
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Mr.  Douglas  died  at  his  home  in  Eau  Claire,  and  had  been 
an  active  member  of  the  American  Gas  Insrtitute  since  1910. 

In  his  death,  May  3rd,  Eau  Claire  lost  one  of  its  most  public 
spirited  citizens.  Originally  with  the  Minneapolis  (Minn.) 
Gas  Company,  in  1894  he  came  to  Eau  Claire,  and  or- 
ganized the  Eau  Claire  Gas  Light  Company,  of  which 
corporation  he  was  President  at  the  time  of  his  death. 
He  was  also  President  of  the  Manitowoc  (Wis.)  Gas  Com- 
pany, a  corporation  that  virtually  owes  its  commencing  to  his 
activity.  He  was  prominent  in  Association  work,  especially 
in  the  Western  Gas  Association.  He  was  a  Director  and  a 
principal  share  holder  in  the  Brunett  Falls  Manufacturii^ 
Company  at  Cornell,  Wis.,  and  was  also  interested  in  many 
local  enterprises  in  the  State.  He  was  quite  active  in  politics, 
having  served  as  Mayor  of  Eau  Claire  for  several  terms,  rep- 
resented the  Eau  Claire  district  in  the  State  Legislature,  and 
was  always  prominent  in  matters  pertaining  to  civic  advance- 
ment. He  was  for  years  a  warden  of  Christ  Episcopal 
Church. 

RUFUS  E.  HOLMES. 

Mr.  Holmes,  President  of  the  Winsted  Gas  Company,  Win- 
sted,  Conn.,  died  at  his  home  in  that  city.  May  5th,  1913. 

Mr.  Holmes  became  a  member  of  the  American  Gas  Light 
Association  in  1899  and  was  a  charter  member  of  the  Ameri- 
can Gas  Institute.  He  became  a  member  of  the  New  England 
Association  of  Gas  Engineers  in  1903. 

Mr.  Holmes  was  a  prominent  citizen  of  Winsted  and  a  man 
of  large  influence  in  civic  affairs. 

(;JUSTAVUS  A.  HYDE. 
Mr.  Hyde  was  one  of  the  veterans  in  the  gas  business,  born 
January  15th,  1826,  he  was  a  civil  ei^ineer  in  railroad  build- 
ing until  1885  when  he  became  Engineer  of  the  City  of  Cleve- 
land, Ohio,  and  in  February,  1859,  was  appointed  Ei^neer 
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of  the  Cleveland  Gas  Light  &  Coke  Company,  which  position 
he  held  48  years  when  he  retired,  March  ist,  1907.  He  plan- 
ned and  built  both  of  the  present  gas  works,  as  well  as  re- 
modelling several  other  gas  works  in  Ohio. 

Mr.  Hyde  became  a  member  of  the  Western  Gas  Associa- 
tion in  1880,  the  American  Gas  Light  Association  1887,  the 
Ohio  Gas  Light  Association  1890  and  was  elected  a  Life  Mem- 
ber of  the  American  Gas  Institute  in  1909. 

His  death  at  his  home,  November  26th,  1913,  closed  a  long, 
useful  and  honorable  life,  full  of  good  deeds  and  valuable  ser- 
vice. 

P.  S.  MARQUIS. 

Mr.  Marquis  was  connected  with  the  Barrett  Manufacturing 

Company,  St.  Louis,  Mo.,  and  died  November  12th,  1912,  at  his 

home  in  that  city.     Mr.  Marquis  became  a  member  of  the 

American  Gas  Institute  in  1906. 


FREDERICK  J.  MAYER. 

Mr.  Mayer  was  born  at  Bremerhaven,  Germany,  July  4th, 
1853.  He  received  his  early  education  at  University  of  Stutt- 
gart, Germany,  and  came  to  this  country  in  1870  after  the 
Franco-Prussian  War,  in  which  he  saw  active  service.  Being 
an  engineer,  he  engaged  with  the  Bartlett  Hayward  Co., 
of  Baltimore,  Md.,  as  draftsman  and  while  with  them,  up 
to  1906  as  Chief  Engineer  he  designed,  erected  and  operated 
many  of  the  large  gas  plants  constructed  by  that  Company. 
In  1906  Mr.  Mayer  severed  his  connection  with  the  Bartlett 
Hayward  Co.,  organized  and  established  the  Didier-March 
Company  in  the  United  States,  taking  the  position  of  General 
Manager. 

Having  made  a  life  study  of  the  carbonization  of  coal  for 
metallurgical  and  domestic  purposes,  to  him  must  be  credited 
the  establishing  of  some  of  the  best  foreign  apparatus  in  the 
United  States  for  the  carbonization  of  coal. 
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Mr.  Mayer  invented  many  improvements  for  the  manufac- 
ture of  illuminating  gas. 

At  the  time  of  his  death  Mr.  Mayer  was  59  years  old,  an 
ardent  and  tireless  worker,  well  known  in  the  United  States 
and  abroad,  a  member  of  the  American  Gas  Institute,  the 
American  Society  of  Mechanical  Engineers,  the  Illuminating 
Engineering  Society,  Chemists  Club,  American  Peat  Society, 
Gennan  Club  and  many  other  social  and  Technical  Organiza- 
tions. 

KERR  MURRAY  MITCHELL. 

Mr.  Mitchell,  General  Manager  of  the  St.  Joseph  Gas  Com- 
pany, St.  Joseph,  Mo.,  died  at  his  home  in  that  city  April  i8th, 
■  1913- 

Mr.  Mitchell  was  bom  in  Buffalo,  N.  Y.,  just  two  weeks 
after  his  parents  arrived  in  this  country  from  E^jinburgh,  Scot- 
land, their  native  city.  Stern  necessity  obliged  him,  at  the 
early  age  of  12,  to  seek  work  and  he  entered  the  employ  of 
Kerr  Murray,  the  man  for  whom  he  was  named  as  an  ap- 
prentice to  learn  the  construction  trade.  So  rapidly  did  he 
advance  that  in  his  sixteenth  year  he  was  entrusted  with  the 
supervision  of  the  building  of  the  plant  at  Windsor,  Ontario, 
where  after  completing  the  plant  he  remained  Manager  until 
1878. 

While  engaged  in  this  work  he  became  acquainted  with  Mr. 
C.  H.  Nash,  then  connected  with  the  Detroit  Gas  Company, 
who  had  secured  a  franchise  for  a  gas  works  at  St.  Joseph, 
Mo.,  and  who  had  formed  such  a  favorable  opinion  of  Mr. 
Mitchell's  qualifications  that  he  had  him  construct  the  plant 
upon  completion  of  which  he  became  General  Manner  which 
position  he  held  until  his  death.  He  rose  to  such  favorable 
prominence  in  that  city  that  at  his  death  he  was  in  many  ways 
its  most  prominent  citizen,  and  his  funeral  was  a  remarkable 
tribute  to  his  memory. 

He  joined  the  Western  Gas  Association  in  1899  and  was 
elected  its  President  in  1906.     He  united  with  the  American 
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Gas  Light  Association  in  1S89  and  was  a  charter  member  of 
the  American  Gas  Institute,  he  was  also  a  member  and  past 
President  of  the  Natural  Gas  Association. 

CHARLES  W.  MORSE. 

Mr.  Morse,  President  and  General  Manager  of  the  Ames- 
burg  Gas  Co.,  Haverhill,  Mass.,  died  in  Gainesville,  Florida, 
where  he  had  gone  in  hope  of  regaining  his  health. 

Mr.  Morse  at  one  time  owned  the  gas  plants  at  Marlboro 
and  Quincy,  Mass.,  and  was  lai^y  interested  in  gas  pro- 
perties at  Rochester,  N.  H.,  Amesbury  and  Salisbury,  Mass., 
and  Gainesville,  Florida. 

He  was  bom  in  Haverhill  in  1857  and  at  the  time  of  his 
death  was  in  the  lighting  business  in  that  city. 

He  became  a  member  of  the  American  Gas  Light  Asso- 
ciation in  1902  and  was  a  charter  member  of  the  American 
Gas  Institute  tn  1906. 

WILLIAM  T.  ROBINSON. 

Mr.  Robinson  at  the  time  of  his  death  March  25th,  1913, 
was  Secretary  and  Treasurer  of  the  American  Gas  Company, 
Philadelphia,  Pa.,  which  position  he  had  held  for  several  years. 

Mr.  Robinson  was  at  one  time  General  Manager  of  the 
Pennsylvania  Warehousing  &  Safe  Deposit  Company  and 
President  of  the  Philadelphia  Warehousing  &  Cold  Ston^e 
Company,  and  was  at  the  time  of  his  death  Treasurer  of  the 
Philadelphia  Board  of  Trade. 

He  was  in  his  53rd  year,  was  a  graduate  of  the  University 
of  Pennsylvania,  a  member  of  the  Zeta  Psi  Fraternity  and 
the  Sons  of  the  Revolution. 

He  became  a  member  of  the  American  Gas  Institute  in  1910. 

THOMAS  V.  RUTTER. 
Mr.  Rutter  of  the  firm  of  Turner  &  Rutter,  Leather  Dealers, 
an  Associate  member,  died  in  New  York  City,  December  19th, 
igi2. 
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Mr.  Rutter  united  with  the  American  Gas  Light  Associa- 
tion in  1904  and  was  a  charter  member  of  the  American  Gas 
Institute. 


DR.  F.  W.  C.  SCHNIEWIND. 

Dr.  Schniewind,  whose  death  occurred  at  his  home  in 
Englewood,  N.  J.,  March  I3th,  1913,  was  a  man  of  interna- 
tional reputation,  a  man  of  rare  accomplishments,  and  was 
a  distinct  loss  to  the  gas  fraternity. 

Bom  October  23rd,  1861,  a  chemist  having  studied  at 
Charlottenburg,  Munich,  and  Heidelberg  from  the  latter  re- 
ceiving the  degree  of  Ph.  D.,  he  came  to  this  country  in  1890 
and  began  work  in  Cleveland,  O.,  conducting  an  analytical 
laboratory. 

He  became  interested  in  a  by-product  coke  oven  process  as 
the  American  representative  of  Dr.  C.  Otto  &  Co.,  of  Dal- 
hausen,  Germany,  erecting  a  plant  at  Glassport,  Pa.,  which 
he  conducted  as  chemist  and  Manager. 

His  success  at  this  point  was  such  that  he  could  clearly 
foresee  the  importance  of  the  new  departure  and  the 
tremendous  future  possibilities  which  resulted  in  his  enlisting 
capitalists  and  the  organization  of  the  United  Coke  and  Gas 
Company,  and  the  building  of  the  400  oven  plant  at  Everett, 
Mass. 

At  the  time  of  his  death  he  was  President  and  sole  owner 
of  the  German-American  Coke  and  Gas  Company,  and  its  sub- 
sidiary companies,  the  United  Coke  and  Gas  Co.,  and  the 
American  Coke  and  Gas  Construction  Company,  as  well  as 
President  of  the  newly  oi^nized  Schniewind  Coke  Oven 
Company. 

He  was  a  member  of  the  American  Gas  Light  Association 
1896,  a  charter  member  of  the  American  Gas  Institute,  the 
National  Commercial  Gas  Association,  the  Illuminating  En- 
gineering Society,  the  Franklin  Insrtitute,  and  a  lai^e  number 
of  other  technical  societies  and  clubs. 
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COLIN  C.  SIMPSON,  SR. 

Mr.  Simpson  died  April  8th,  1913,  at  his  home  in  Mont- 
clair,  N.  J.  He  was  educated  at  a  private  school  in  England ; 
Technical  High  School,  Gratz,  Austria;  and  Naval  Academy, 
Trieste,  Austria.  On  completion  of  his  course  there,  he 
spent  the  required  two  years  at  sea,  on  sailing  vessels. 

On  his  return  from  sea  he  secured  employment  with  an 
English  contracting  firm  in  Vienna  laying  water  mains  in  that 
city.  He  came  to  the  United  States  in  1880  and  entered  the 
employ  of  the  Municipal  Lighting  Company  at  its  26th  Street 
and  Fourth  Avenue  office  and  later  was  transferred  to  the 
99th  Street  station  of  the  Knickerbocker  Gas  Company,  being 
a  portion  of  the  time  in  the  clerical  department  and  a  portion 
of  the  time  in  the  engineering  department.  In  1882  he  was 
placed  in  charge  of  mains  of  the  Municipal  and  Knickerbocker 
Gas  Companies,  At  the  time  of  the  consolidation  in  1884, 
he  was  made  district  superintendent  of  mains  of  the  Con- 
solidated Gas  Company  of  New  York, 

In  1889  he  became  General  Superintendent  of  Mains  of  the 
Consolidated  Gas  Company  and  in  1902  was  appointed  As- 
sistant Secretary  of  the  Consolidated  Gas  Company  of  New 
York,  both  of  which  offices  he  continued  to  fill  until  his  death. 

He  was  a  leading  exponent  of  absolute  safety  with  respect 
to  gas  mains  and  designed  and  had  adopted  the  system  of  by- 
passing of  all  gas  mains  now  in  general  use  during  the  con- 
struction of  subways. 

He  was  a  member  of  the  American  Gas  Light  Association, 
1903,  charter  member  of  the  American  Gas  Institute,  Ameri- 
can Society  of  Mechanical  Engineers,  Engineers  Club,  So- 
ciety of  Gas  Engineering  and  the  Illuminating  Engineering 
Society. 

CAPT.  WILLIAM  STEINWEDELL. 
Capt.  William  Steinwedell,  an  old  resident  and  prominent 
citizen  of  Quincy,  111.,  died  at  his  residence  in  that  city,  Octo- 
ber 18,  1912,  in  his  eighty  fifth  year  having  spent  sixty  years 
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of  the  time  as  a  resident  of  Quincy,  occupying  a  commandiag 
position  in  its  commercial  and  financial  affairs. 

At  the  breaking  out  of  the  rebellion,  Capt.  Steinwedell  or- 
ganized a  local  military  company,  which  did  valuable  service 
in  that  locality,  without  compensation  and  without  expense 
to  the  government.  He  secured  the  money  in  the  banks  at 
La  Grange  and  Canton  and  delivered  it  to  the  sub-treasury 
at  St.  Louis,  by  order  of  Major  General  Fremont ;  furnished 
the  escort  for  20,000  stands  of  arms  for  Iowa  troops  frcwn 
Quincy  to  Keokuk ;  relieved  the  Sixtieth  Illinois  regiment 
when  it  was  besieged  by  confederates  at  Monroe  City,  Mo., 
and  was  in  constant  service  for  nearly  four  years.  He  was 
president  of  the  Board  of  trustees  of  the  Soldiers'  Home  from 
1894  until  a  press  of  private  business  caused  him  to  resign 
in  the  fall  of  1897.  For  over  twenty  years  he  was  President 
of  the  Quincy  Gas  Company  and  was  a  stockholder  in  various 
banks  and  industrial  companies. 

He  was  a  member  of  the  American  Gas  Light  Association 
1887,  and  a  charter  member  of  the  American  Gas  Institute. 


CHARLES  F.  TERHUNE. 

Mr.  Terhune,  Vice-President  of  the  Wm.  M.  Crane  Com- 
pany, and  Vice-President  of  the  New  Bern  (N.  C.)  Gas 
Company,  died  in  New  York  City,  August  loth,  1913. 

Mr.  Terhune  was  best  known  as  a  member  of  the  Wm. 
M.  Crane  Company,  his  long  and  honorable  connection  with 
that  firm  giving  him  an  extensive  acquaintance  In  the  gas  ap- 
pliance division  of  the  gas  industry.  He  was  a  member  of 
the  Western  Gas  Association  (1900),  the  Ohio  Gas  Light 
Association  (i960),  the  American  Gas  Lig^t  Association 
(1901),  and  a  charter  member  of  the  American  Gas  Insti- 
tute. He  was  also  a  member  of  the  National  Commercial 
Gas  Association. 
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CHRISTIAN  EDGAR  TITZEL. 

Mr,  Titze!,  General  Manager  of  the  Conestoga  Traction 
Company,  and  Superintendent  of  the  Lancaster  Gas  Light  & 
Fuel  Company,  Lancaster,  Pa.,  died  at  the  early  age  of  39 
years  at  his  home  in  Lancaster,  March  30th,  1913. 

Mr.  Titzel  ahhough  only  39  years  old  had  been  in  the  em- 
ploy of  gas  and  electric  companies  for  twenty-four  years  and 
was  a  man  of  large  experience,  great  executive  ability  and  a 
man  of  large  promise  and  was  a  distinct  loss  to  the  gas  indus- 
try. 

Mr.  Titzel  became  a  member  of  the  American  Gas  Light 
Association  in  1902  and  was  a  charter  member  of  the  American 
Gas  Institute. 
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CONSTITUTION  AND  BY-LAWS 

OF  THE 

AMERICAN  GAS  INSTITUTE 

CONSTITUTION 


Section  i.  The  name  of  this  association  shall  be  the 
American  Gas  Institute. 

OBJECTS. 

Section  2,  The  objects  of  this  Institute  are  to  amalga- 
mate into  one  body  the  American  Gas  Light  Association,  the 
Ohio  Gas  Light  Association,  and  the  Western  Gas  Association, 
and  to  facilitate  co-operation  between  the  various  state  and 
district  associations  that  now  exist,  or  may  hereafter  be  formed 
within  the  territory  covered,  and  to  secure  thereby  the  more 
rapid  promotion  and  advancement  of  scientific  and  practical 
knowledge  in  all  matters  relating  to  the  construction  and 
management  of  gas  works  and  the  manufacture,  distribution 
and  consumption  of  gas;  the  firmer  establishment  and  main- 
tenance of  a  spirit  of  fraternity  between  those  interested  in 
the  gas  business  by  affording  opportunity  for  social  inter- 
course and  friendly  interchange  of  information  and  ideas;  the 
inducement  and  extension  of  more  cordial  and  friendly  rela- 
tions between  gas  companies  and  consumers  of  gas  based  upon 
their  mutual  interests,  and  the  education  of  employees  of  gas 
companies  to  enable  them  to  better  perform  their  duties.  Also 
to  take  over  such  property  and  assets  of  the  associations  named 
as  may  be  legally  invested  in  the  Institute. 
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MEMBERS. 

Section  3.  The  membership  of  the  Institute  shall  consist 
of  Honorary  Members,  Active  Members,  Junior  Members  and 
Associate  Members.  Honorary  Members,  Junior  Members 
and  Associate  Members  shall  not  be  entitled  to  vote  nor  to 
hold  office,  but  shall  be  entitled  to  all  the  other  privileges  of 
membership. 

Section  4.  Honorary  Members  shall  be  persons  whose 
scientific  or  practical  knowledge  in  matters  relating  to  the  gas 
industry,  and  whose  efforts  and  interests  in  that  behalf  shall 
recommend  them  to  the  Institute. 

Section  5.  To  be  eligible  to  Active  Membership,  a  person 
must  be  at  least  26  years  of  age,  and  be  an  officer  or  other 
employee  of  a  Gas  Company;  or  a  Consulting  Gas  Engineer, 
or  an  employee  of  a  Consulting  Gas  Engineer.  He  must  be 
competent  to  act  efficiently  as  the  Manager  of  a  department  of 
a  Gas  Company's  business  and  must  have  his  chief  interest  in 
the  gas  business  directly  connected  with  the  manufacture,  sale, 
or  utilization  of  gas,  and  not  the  manufacture  or  sale  of 
apparatus  or  appliances  used  by  Gas  Companies. 

Section  6.  To  be  eligible  as  a  Junior  Member,  a  person 
must  be  over  20  years  of  tige  and  be  in  the  employ  of  a  Gas 
Company,  or  of  a  Consulting  Gas  Engineer,  and  must  be 
qualified  either  by  experience  or  education  to  hold  a  respon- 
sible position  under  such  employers. 

Section  7.  To  be  eligible  as  an  Associate  Member,  a  per- 
son must  be  engaged  in  a  pursuit  which  constitutes  a  branch 
of  gas  engineering,  or  be  otherwise  qualified  to  assist  in  pro- 
moting the  objects  of  the  Institute. 

Section  8.  Charter  Members  shall  be  such  of  the  present 
membership  of  the  American,  Ohio,  or  Western  Gas  Associa- 
tion as  shall  be  certified  by  the  officers  of  the  same  to  the 
Directors  of  the  Institute  as  qualified  respectively  for  Active, 
Junior  or  Associate  Membership,  provided  that  to  become  a 


D.gnzed  by  Google 


694 

Charter  Member,  it  shall  be  necessary  for  each  person  so 
certified  to  make  application  to  the  Directors  of  the  Institute 
within  a  period  of  sixty  days  after  notice  has  been  sent  him 
of  the  formation  of  the  Institute. 

ELECTION  OF  NEW  MEMBERS. 

Section  9.  Honorary  Members  shall  be  proposed  by  the 
Directors  to  the  members  of  the  Institute  by  mailed  notifica- 
tions immediately  after  any  annual  meeting,  and  shall  be 
voted  upon  by  letter  ballot  at  the  time  of  the  regular  Septem- 
ber ballot  next  following. 

Section  id.  Every  application  for  either  Active,  Junior 
or  Associate  Membership  shall  be  made  to  the  Secretary  in 
writing  upon  a  form  approved  by  the  Directors,  upon  which 
shall  be  set  forth  as  the  grounds  of  the  application  a  complete 
account  of  the  qualifications  and  experience  of  the  applicant 
and  his  agreement  to  conform,  if  elected,  to  the  Constitution, 
By-Laws  and  Rules  of  the  Institute,  and  shall  be  endorsed  by 
at  least  two  Active  Members  to  whom  the  applicant  is  person- 
ally known.  The  Secretary  shall  submit  each  application  to 
the  Directors,  who  shall  consider  and  act  upon  it  and  assign 
the  applicant  to  the  grade  of  membership  to  which,  in  their 
judgment,  his  qualifications  entitle  him.  The  name  of  each 
candidate  thus  approved  by  the  Directors  shall,  unless  objec- 
tion is  made  by  the  applicant,  be  submitted  to  the  voting  mem- 
bership for  election  by  means  of  a  letter  ballot. 

Section  ii.  It  shall  be  competent  for  any  Junior  or  Asso- 
ciate Member  to  apply  for  transfer  to  another  grade  of  mem- 
bership. The  application  for  such  transfer  shall  be  made  in 
the  same  manner  as  in  the  case  of  a  new  applicant. 

Section  12.  Election  to  membership  shall  be  by  a  sealed 
letter  ballot,  as  the  By-Laws  shall  provide.  Adverse  votes  to 
the  number  of  2  per  cent,  of  the  votes  cast  shall  be  required  to 
defeat  the  election  of  an  applicant  for  any  grade  of  member- 
ship.    The  Directors  may,  in  their  discretion,  order  a  second 
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baTot  upon  a  defeated  applicant,  in  which    j 
to  the  number  of  4  per  cent,  of  the  votes  ca 
to  defeat  the  election. 

Section  13.  Any  person  elected  to  th 
Honorary  Members,  must  subscribe  to  thi 
pay  to  the  Treasurer  the  initiation  fee  ar  . 
for  his  grade  of  membership  before  he  car 
rights  and  privileges,  or  can  receive  a  cert  ' 
ship.  If  this  rquirement  is  not  compliei 
months  of  the  notification  of  the  election 
be  deemed  to  have  declined  the  election  an< 
be  void. 

INITIATION  FEES  AND  i;  . 

Section  14.  The  initiation  fee  for  m< 
grade  shall  be  as  follows : 

For  Active  Members  

For  Associate  Members  

For  Junior  Members    

The  initiation  fees  shall  not  include  the  : 
rent  year  in  which  the  applicant  is  elected. 

Sectiok  15.  A  Junior  Member,  on  prom  : 
grade  of  membership,  shall  pay  an  additio;i 
except  that  Charter  Junior  Members  shall  1 
pay  such  additional  fee.  No  person  shall  rd 
bership  for  more  than  two  years  after  becoii 
Active  Membership. 

Section  16.  The  annual  dues,  payable 
membership  in  each  grade  shall  be  as  follows 

For  Active  Members    

For  Associate   Members    

For  Junior  Members   

Section  17.  The  Directors  may  in  their 
any  Active  or  Associate  Member  to  becomi 
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in  the  same  grade  by  the  payment  in  one  sum  of  an  amount 
sufficient  to  purchase  from  a  reputable  life  insurance  company 
an  annuity  on  the  life  of  a  person  of  the  age  of  the  applicant 
equal  to  the  annual  dues  in  his  grade  of  membership.  Such 
life  member  shall  not  be  liable  thereafter  for  annual  dues. 
Life  Members  of  the  associations  dissolving  shall  only  be 
required  to  pay  the  difference,  if  any,  between  the  sum  com- 
puted as  above  and  that  already  paid  for  their  present  Life 
Membership. 

Section  18.  The  Directors  shall  have  power  by  letter 
ballot  to  admit  to  Life  Membership,  without  payment  of  a 
Life  Membership  fee,  any  person  who  for  a  long  term  of  years 
has  been  an  Active  or  an  Associate  Member,  when,  for  special 
reasons,  such  an  action  would,  in  their  judgment,  promote  the 
best  interests  of  the  Institute.  Notice  that  such  action  as  pro- 
posed shall  have  been  given  at  a  previous  meeting  of  the 
Directors  and  one  dissenting  vote  shall  defeat  the  proposed 
action. 

SUSPENSIONS  AND  EXPULSIONS. 

Section  19.  A  member  whose  dues  for  a  year  completely 
expired  are  not  paid,  shall  not  be  entitled  to  vote,  nor  to  par- 
ticipate in  the  deliberations  of  the  Institute,  nor  to  receive  a 
copy  of  the  Proceedings.  Any  member  whose  dues  shall 
remain  unpaid  for  a  term  of  three  years  may  be  dropped 
from  the  roll  of  membership  by  a  vote  of  the  Directors.  A 
member  dropped  for  non-payment  of  dues  may  upon  paying 
the  amount  he  owes  the  Institute,  be  reinstated  at  the  option 
of  the  Directors. 

Section  20.  The  Directors  may  refuse  to  receive  the  dues 
of  any  member  of  any  grade  who  shall  have  been  adjudged  by 
them  to  have  violated  the  Constitution  or  By-Laws  of  the 
Institute,  or  who,  in  their  opinion,  shall  have  been  guility  of 
conduct  rendering  him  unfit  to  continue  in  its  membership,  and 
such  person  may  be  expelled  from  the  Institute  upon  a  recom- 
mendation to  that  effect  made  by  the  Directors  at  any  gen- 
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eral  meeting  of  the  Institute.  The  vote  upon  expulsion  shall 
be  by  ballot  and  shall  require  two-thirds  of  the  votes  cast  for 
its  adoption. 

Section  21.  The  Directors  may  transfer  any  member  from 
his  then  present  to  any  lower  grade  of  membership.  Thty 
may  also  refuse  to  receive  the  dues  of  any  member  who  is 
no  longer  eligible  to  any  grade.  No  transfer  of  grade  shall  be 
made,  or  refusal  to  accept  dues  recorded,  except  upon  notice 
from  the  Secretary,  whose  duty  it  shall  be  to  give  such  notice, 
that  said  member  is  no  longer  eligible  for  membership  in  his 
then  present  grade,  and  that  said  member  has  for  a  period  of 
ninety  days  after  notification  of  such  non-eligibility,  failed  to 
apply  for  transfer.  The  vote  in  each  case  shall  be  by  ballot, 
and  shall  require  two-thirds  of  the  votes  cast  for  its  adoption. 

MANAGEMENT. 

Section  22.  The  affairs  of  the  Institute  shall  be  managed 
by  the  Directors,  subject  to  the  control  of  the  general  meeting. 

Section  23.  The  Board  of  Directors  shall  consist  of  the 
President,  the  two  Vice-Presidents,  the  Secretary,  the  Treas- 
urer, the  Junior  Past-President,  and  until  changed  as  herein- 
after provided  for,  ten  Active  Members  of  the  Institute,  Five 
members  shall  constitute  a  quorum  for  the  transaction  of 
business.  If  arrangements  are  made  for  co-operation  between 
the  Institute  and  district  and  state  gas  associations,  as  herein- 
after provided  for,  the  number  of  members  of  the  Board 
elected  from  the  Active  Members  of  the  Institute  shall  be 
increased  from  time  to  time,  as  it  becomes  necessary,  in  order 
to  keep  the  number  of  Directors  elected  by  the  Institute  equal 
to  not  less  than  two-thirds  of  the  total  number  of  both  Insti- 
tute and  Associate  Directors. 

Section  24.  Should  a  vacancy  occur  in  the  Board  of 
Directors  or  in  any  elective  office,  except  the  Presidency  or 
First  Vice-Presidency,  through  death,  resignation  or  other 
cause,  the  Directors  may  elect  an  Active  Member  to  fill  the 
vacancy  until  the  next  annual  election. 
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Section  25.  The  Directors  shall  regulate  their  own  pro- 
ceedings, and  may,  by  resolution,  dele^te  specific  powers  to 
an  Executive  Committee,  or  to  any  one  or  more  of  their  mem- 
bers. No  act  of  the  Executive  Committee,  or  of  a  delegate 
shall  be  binding  until  it  has  been  approved  by  a  resolution  of 
the  Directors. 

Section  26.  The  Board  of  Directors  shall  present  at  the 
annual  meeting  of  the  Institute  a  report  verified  by  the  Presi- 
dent, Secretary  and  Treasurer,  or  by  a  majority  of  the  mem- 
bers, which  shall  show  the  state  of  the  finances  o!  the  Institute 
at  the  date  of  the  report;  the  receipts  and  expenditures  for  the 
fiscal  year  immediately  preceding;  the  names  and  places  of 
residence  of  the  persons  who  have  been  admitted  to  member- 
ship in  the  Institute  during  that  year,  and  give  an  account  of 
the  action  taken  by  the  Directors  upon  matters  coming  before 
it  and  recommendations  as  to  the  action  to  be  taken  by  the 
Institute.  This  report  shall  be  filed  with  the  records  of  the 
Institute  and  an  abstract  of  it  shall  be  entered  in  the  minutes 
of  the  proceedingfs  of  the  annual  meeting. 

OFFICERS. 

Section  27.  At  each  annual  meeting  there  shall  be  elected 
from  among  the  Active  Members  a  President,  two  Vice-Presi- 
dents, a  Secretary,  a  Treasurer,  and  until  otherwise  provided 
for,  five  members  of  the  Board  of  Directors.  All  of  the 
officers  shall  be  elected  for  one  year,  but  the  members  of  the 
Board  of  Directors  shall  be  elected  for  two  years.  At  the 
first  general  meeting  ten  members  of  the  Board  of  Directors 
shall  be  elected,  five  to  hold  office  for  one  year  and  five  to 
hold  office  for  two  years. 

Section  28.    All  elections  shall  be  by  ballot. 

Section  29.  The  term  of  all  elected  officers  shall  begin 
on  the  adjournment  of  the  annual  meeting  of  the  Institute  at 
which  they  were  elected.  Officers  shall  continue  in  their 
respective  offices  until  their  successors  have  been  elected  and 
have  accepted  such  election. 
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Section  30.  The  President  and  the  retiring  Active  Mem- 
bers of  the  Board  of  Directors  shall  not  be  eligible  for 
re-election  the  following  year 

Section  31.  Previous  to  each  anmial  meeting  it  shall  be 
the  duty  of  the  Directors  to  appoint  a  nominating  committee 
of  five  members,  none  of  whom  shall  be  a  Director.  It  will 
be  the  duty  of  this  nominating  committee  to  present  at  the 
annual  meeting  a  list  of  the  Active  Members  and  Directors 
whom  they  recommend  as  officers  for  the  ensuing  year. 

Section  32.  Twenty  or  more  members  entitled  to  vote  may 
constitute  themselves  a  special  nominating  committee  with  the 
same  powers  as  the  nominating  committee  appointed  by  the 
Directors. 

Section  33.  The  Directors  shall  appoint  from  their  own 
number  immediately  after  the  meeting  at  which  they  are 
elected  a  finance  committee  of  three  members. 

Section  34.  The  President  shall  take  the  chair  at  all 
meetings  of  the  Institute,  of  the  Board  of  Directors  and  of 
committees  at  which  he  is  present.  He  shall  determine  to 
which  general  committee  any  matter  shall  be  referred. 

Section  35.  In  the  absence  of  the  President  one  of  the 
Vice-Presidents  shall  take  the  chair,  and  in  the  absence  of  the 
President  and  Vice-Presidents  a  Chairman  shall  be  appointed 
by  the  Directors  from  among  their  own  members. 

Section  36.  The  duties  of  the  Secretary  shall  be  to  take 
minutes  of  all  proceedings  of  the  Institute  and  of  the  Board 
of  Directors  and  to  enter  them  in  proper  books  for  that  pur- 
pose. He  shall  conduct  the  correspondence  of  the  Institute, 
read  minutes  and  notices  of  all  the  meetings,  and  also  such 
papers  and  communications  as  are  considered  in  the  absence 
of  their  authors,  and  perform  whatever  other  duties  may  be 
required  in  the  Constitution  and  By-Laws  appertaining  to  this 
department. 

Section  37,  The  duties  of  the  Treasurer  shall  be  to  re- 
ceive and  keep  all  annual  dues  and  funds  of  the  Institute,  to 
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keep  correct  accounts  of  same,  and  pay  all  bills  approved  by 
the  President  and  a  member  of  the  Finance  Committee,  and 
he  shall  make  an  annual  report  to  be  submitted  to  the  Institute. 

Section  38.  The  duties  of  the  Finance  Committee  shall 
be  to  audit  the  books,  accounts  and  statements  of  the  Treas- 
urer ;  to  invest  the  funds  of  the  Institute,  and  to  care  generally 
(or  the  finances  of  the  Institute,  subject  to  the  control  of  the 
Directors. 

Section  39.  The  duties  of  the  Directors  shall  be  to  have 
the  general  management  of  the  affairs  of  the  Institute,  and  to 
prepare  for  its  meetings.  No  paper  or  report  that  has  not 
had  the  approval  of  the  Directors  shall  be  read  at  any  meeting. 

The  Directors  shall  have  the  power  to  appoint,  from  time 
to  time,  a  Committee  on  Arrangements  from  among  the  mem- 
bers to  assist  the  Board  of  Directors  in  arranging  for  the 
meetings  of  the  Institute.  The  Directors  shall  have  power  to 
fill  for  the  unexpired  term,  any  vacancies  occurring  by  death, 
or  resignation,  in  their  own  number,  or  in  the  general  com- 
mittees. 

Any  resolution,  report  or  recommendation,  that  has  not  been 
considered  and  approved  by  the  Directors,  and  that  in  the 
opinion  of  the  Chair  would  have  the  effect  of  changing  the 
policy  of  the  Institute,  or  committing  it  to  any  new  policy  or 
opinion  to  which  it  had  not  theretofore  been  committed,  should 
be  referred,  before  adoption,  to  the  Board  of  Directors,  whose 
duty  it  shall  be  to  report  to  the  next  regular  meeting  of  the 
Institute  upon  such  committal,  if  any,  and  its  proper  phrasing. 

Section  40.  There  shall  be  two  general  committees,  each 
reporting  to  the  Board  of  Directors  and  responsible  to  the 
Board  for  such  part  of  the  work  of  the  Institute  as  is  dele- 
gated to  it  in  accordance  with  the  prowsions  of  Sections  34, 
41  and  42.  Each  committee  shall  be  composed  of  six  mem- 
bers, to  be  appointed  each  year  by  the  President,  and  to  serve 
one  year. 

Section  41.     One  general  committee  shall  be  called  the 
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Public  Relations  Committee,  and  to  it  shall  be  referred  all 
investigations,  reports,  recommendations,  resolutions  and  mat- 
ters of  any  kind  affecting  the  relations  between  the  Institute, 
or  its  members,  and  the  public,  or  any  governing  bodies,  ex- 
cept as  herein  provided. 

Section  42.  One  general  committee  shall  be  called  the 
Technical  Committee,  and  to  it  shall  be  referred  all  investiga- 
tions, reports,  recommendations,  resolutions  and  matters  of 
any  kind  having  to  do  with  the  construction,  operation  and 
extension  of  gas  works,  and  the  conduct  of  the  affairs  of  gas 
companies,  not  specihcally  delegated  to  the  Public  Relations 
Committee  by  Section  41,  and  except  as  herein  otherwise 
provided. 

Section  43.  Each  general  committee  shall  have  the  power 
to  appoint  sub-committees.  Each  sub-committee  shall  consist 
of  one  member  of  the  general  committee,  the  other  members 
being  taken  from  the  general  membership  of  the  Institute,  and 
shall  exist  at  the  pleasure  of  the  general  committee  by  which 
it  was  appointed,  and  to  which  its  report  shall  be  made. 

MEETINGS  AND  PROCEEDINGS. 

Section  44.  The  annual  meeting  of  the  Institute  shall  be 
held  on  the  third  Wednesday  of  October  of  each  year,  at  such 
place  as  shall  be  designated  by  the  Institute  at  the  previous 
meeting.  In  case  of  emergency  the  Directors  shall  have  the 
power  to  change  the  time  or  place  of  meeting,  or  both,  as  so 
designated,  by  a  three-fourths  vote  of  all  its  members,  at  the 
call  of  the  President,  and  such  vote  may  be  taken  by  mail. 

Section  45.  The  Secretary  shall  send  notices  to  all  mem- 
bers of  the  Institute  at  least  fourteen  days  before  each  general 
meeting,  mentioning  the  papers  to  be  read  and  any  special 
business  tb  be  brought  before  the  meeting 

Section  46.  Special  meetings  of  the  Institute  may  be 
called  at  the  option  of  the  Directors,  and  the  Secretary  shall 
call  a  special  meeting  on  the  written  request  of  one  hundred 
members. 
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The  notices  for  special  meetings  shall  be  sent  to  all  mem- 
bers at  least  three  weeks  before  the  date  for  which  the  meet- 
ing is  called  and  shall  state  the  business  to  be  transacted,  and 
no  other  shall  be  entertained. 

Section  47.    Thirteen  members  shall  constitute  a  quorum. 

Section  48.  All  questions,  except  as  otherwise  provided 
in  Sections  9,  20,  28,  49  and  57,  shall  be  decided  by  any  con- 
venient system  of  open  voting,  the  presiding  officer  to  have  a 
second  or  casting  vote  when  necessary. 

Section  49.  Questions  of  a  personal  nature  shall  be  decided 
by  ballot,  and  all  parliamentary  procedure  not  specifically 
covered  by  this  Constitution  shall  be  governed  in  accordance 
with  Roberts'  Rules  of  Order. 

Section  50.  Any  member,  with  the  concurrence  of  the 
presiding,  officer,  may  admit  a  friend  to  each  meeting  of  the 
Institute,  but  such  person  shall  not  take  part  in  any  of  the 
discussions  unless  permission  to  do  so  be  given  by  the  meeting. 

Section  51.  All  papers  read  at  the  meetings  of  the  Insti- 
tute must  relate  to  matters,  either  directly  or  indirectly  con- 
nected with  the  objects  of  the  Institute,  and  must  be  approved 
by  the  Directors  before  being  read. 

Section  52.  All  papers,  drawings  or  models  submitted  to 
the  meetings  of  the  Institute  shall  be  and  remain  the  property 
of  the  authors. 

Section  53.  The  President,  the  Junior  Past-President,  the 
First  Vice-President,  the  Junior  Past-Chairmen  of  the  two 
general  committees,  and  the  Secretary  shall  constitute  a  Pub- 
lication Committee,  and  nothing  shall  be  included  in  the  pub- 
lished reports  of  the  Institute's  Proceedings,  or  in  any  other 
publication  issued  by  its  authority,  that  has  not  been  approved 
by  at  least  two-third&  of  the  full  membership  of  the  Publica- 
tion Committee. 

Section  54.  The  Directors  shall  meet  the  day  before  each 
general  meeting  of  the  Institute,  and  also  on  such  day  between 
June  ist  and  September  15th,  both  inclusive,  as  may  be  desig- 
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nated  by  the  President  by  notice  given  at  least  one  week  in 
advance  of  meeting.  Special  meetings  may  be  called  when  the 
President  shall  deem  it  necessary,  and  the  President  shall  be 
required  to  call  a  special  meeting  at  any  time  on  the  written 
request  of  five  members  of  the  Board.  Of  such  meetings 
reasonable  notice  shall  be  given  by  special  call,  in  print  or 
writing,  specifying  the  business  to  be  attended  to. 

GEOGRAPHIC  AND  DISTRICT  SECTIONS. 

Section  55.  A.  In  so  far  as  the  district  associations  now 
affiliated  with  the  Institute  carry  out  their  agreements  not  to 
elect  to  voting  membership  any  person  connected  in  any  way 
with  the  gas  industry  who  is  not  directly  identified  with  gas 
or  electric  interests  within  the  state  or  district  designated  by 
the  name  of  the  association;  and  to  consult  with  the  Institute 
before  undertaking  any  original  work  of  interest  to  the  gas 
profession,  such  associations  will  continue  in  affiliation  with 
the  Institute,  but  no  further  arrangements  will  be  made  for 
affiliation  with  any  other  association.  Bach  and  every  district, 
or  state  gas,  or  gas  and  electric  association,  with  which  such 
agreements  have  been  entered  into,  shall  be  entitled  to  elect 
one  of  its  members  a  member  of  the  Board  of  Directors  of 
the  Institute.  The  members  so  elected  will  be  in  addition  to 
those  named  in  Section  23,  provided  that  the  number  of  such 
associated  directors  shall  never  exceed  one-third  of  the  total 
membership  of  the  Board.  Should  the  Board  of  Directors 
provide  for  an  executive  committee,  this  committee  shall 
include  in  its  membership  one  man  from  each  of  the  affiliated 
associations  as  long  as  the  number  of  such  associations  does 
not  exceed  six.  Thereafter  there  shall  be  on  the  executive 
committee  at  least  six  men  who  are  members  of  affiliated 
associations  and  have  among  them  membership  in  at  least  six 
such  associations. 

B.  The  Board  of  Directors  may  in  its  discretion  authorize 
the  formation  of  geographic  sections.  The  territory  to  be 
included  in  each  section  shall  consist  of  a  state,  or  group  of 
states. 
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C.  Subject  to  the  approval  of  the  Board  of  Directors  of  the 
Institute  and  the  governing  body  of  the  geographic  section  in 
whidi  it  is  located,  city  or  district  sections  may  be  formed, 

D.  The  geographic  and  city  or  district  sections  may  adopt 
such  Constitutions  and  By-Laws  and  elect  such  officers  as  they 
see  ht,  provided  that  nothing  shall  be  done  in  violation  of  the 
Constitution  and  By-Laws  of  the  American  Gas  Institute. 

E.  After  giving  due  notice,  any  section  may  send  a  repre- 
sentative to  appear  before  the  Board  of  Directors  of  the 
Institute  for  the  purpose  of  conferring  with  the  Board  in 
regard  to  any  matters  relating  to  the  affairs  of  the  Institute  in 
the  territory  embraced  by  the  section. 

F.  The  secretary  of  the  section  shall  report  its  proceedings 
to  the  Secretary  of  the  Institute. 

G.  No  person  shall  be  eligible  for  membership  in  any  sec- 
tion who  is  not  a  member  of  the  American  Gas  Institute. 

H.  Sections  may  be  dissolved  for  failure  to  comply  with 
the  Constitution  and  By-Laws  of  the  Institute. 

PROCEEDINGS. 

Section  56.  Each  member  of  the  Institute  in  good  stand- 
ing shall  be  entitled  to  and  shall  be  furnished  by  the  Secretary 
with  a  copy  of  the  Proceedings  of  the  Institute  for  the  current 
year,  in  which  shall  be  listed  the  names  and  addresses  of  the 
members.  In  any  such  list  each  member  should  be  listed  by 
the  title,  or  titles,  only,  from  which  he  derives  his  eligibility  to 
his  class  of  membership. 

AMENDMENTS. 

Section  57.  All  propositions  for  adding  to  or  altering  any 
of  the  provisions  of  the  foregoing  Constitution  shall  be  laid 
before  the  Directors,  who,  if  they  see  tit,  may  bring  it  before 
the  next  general  meeting  of  the  Institute,  and  who  shall  be 
bound  to  do  so  on  the  requisition  in  writing  of  any  ten  mem- 
bers of  the  Institute,  All  such  propositions  shall  be  decided 
by  ballot  and  shall  require  two-thirds  of  the  vote  cast  for  their 
adoption. 
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BY-LAWS 

(Sectlou  nunb«r>  reftr  to  corretponding  Sections  of  the  CoDrtitoIloB) 

1.  {Section  ro.)  Each  member  proposing  a  candidate 
(or  admission  is  required  to  make  a  contidential  communica- 
tion to  the  Secretary  for  forwarding  to  the  Membership  Com- 
mittee, setting  forth  in  detail  such  information,  personally 
known  to  referee,  as  shall  enable  the  Directors  to  decide  upon 
the  eligibility  of  the  candidate  for  admission  to  the  Institute, 
except  that  in  the  event  of  the  requisite  number  of  members 
in  good  standing  having  personally  signed  the  application  of  a 
candidate,  this  may  be  deemed  sufficient  endorsement  and  the 
requirement  of  the  confidential  communication  referred  to 
above  shall  not  be  obligatory,  but  shall  be  optional  at  the  dis- 
cretion of  the  Membership  Committee.  The  Secretary  shall 
be  the  judge  of  the  competency  and  the  signature  of  referees. 

2.  (Section  io.)  In  the  absence  of  replies  from  the 
referees  to  inquiries  for  information,  or  if  replies  are  not  suf- 
ficiently explicit,  the  Secretary  shall  cause  the  applicant  to  be 
notified,  and  the  applicant  shall  be  held  in  abeyance. 

3.  (Section  10.)  At  a  meeting  subsequent  to  their  elec- 
tion, the  Directors  shall  appoint  from  their  number,  four,  to 
be  a  committee  on  election  of  new  members.  This  committee 
shall  pass  on  all  applications  for  membership,  and  report  to 
the  Directors.  Any  correspondence  in  regard  to  an  applicant 
shall  be  destroyed  when  his  name  has  been  placed  upon  a 
voting  ballot,  or  upon  withdrawal  of  the  application. 

4.  (SECrioN  12.)  The  Secretary  shall,  twice  a  year,  on  or 
about  the  first  day  of  March  and  September,  mail  to  each 
meml>er  entitled  to  vote,  a  ballot  stating  the  names  and  respec- 
tive grades  of  the  candidates  for  membership  in  the  Institute 
which  have  been  approved  by  the  Directors,  and  the  time  of 
the  close  of  voting.  The  voter  shall  prepare  his  ballot  by 
crossing  out  the  names  of  candidates  rejected  by  him,  and 
shall  enclose  said  ballot  in  a  sealed  blank  ballot  envelope, 
which  he  shall  then  enclose  in  a  second  sealed  outer  envelope 
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on  which  he  shall,  for  indentification,  write  his  name  in  ink. 
The  ballot  thus  prepared  and  enclosed  shall  be  mailed  or 
delivered  unopened  to  the  Secretary,  which  shall  be  counted 
as  an  affirmative  vote  on  all  the  names  not  crossed  out.  The 
Secretary  shall  be  the  judge  of  the  competency  and  the  s^na- 
ture  of  all  voters.  On  the  close  of  the  voting,  the  Secretary 
shall  first  open  and  destroy  the  outer  envelopes,  and  shall 
then  canvass  the  ballots,  and  certify  the  result  to  the  Member- 
ship Committee. 

The  Secretary  shall  not  receive  any  ballot  after  the  stated 
time  of  the  close  of  voting.  A  ballot  without  the  endorsement 
of  the  voter,  written  in  ink  on  the  outer  envelope,  shall  be 
considered  as  defective,  and  rejected  by  the  Secretary. 

The  names  of  those  persons  elected  to  membership,  with 
their  respective  grades,  shall  be  embodied  in  a  written  report, 
signed  by  the  Secretary,  and  presented  to  the  next  meeting  of 
the  Institute.  The  President  shall  then  declare  them  duly 
elected  to  membership  in  the  Institute.  The  Secretary  may, 
in  advance  of  any  meeting,  advise  each  candidate  of  the  result 
of  the  canvass  of  the  votes  in  his  case.  The  names  of  appli- 
cants who  are  not  elected  shall  neither  be  annoimced  nor 
recorded  in  the  Proceedings. 

The  endorser  of  an  applicant  who  has  not  been  elected,  may, 
with  his  consent,  present  to  the  Directors  a  written  request  for 
a  re-submission  of  his  name  to  ballot.  The  Directors  may,  in 
their  discretion,  by  a  three-fourths  vote  of  the  members  pres- 
ent, order  the  name  of  the  applicant  placed  on  the  next  ballot 
for  members. 

5-  (Section  13.)  Section  13  of  the  Constitution  shall  be 
printed  upon  the  notification  of  election  to  all  members  except 
Honorary  Members. 

6.  (Sections  14  and  16.)  The  initiation  fee  and  annual 
dues  of  the  first  year  shall  be  due  and  payable  on  notice  of 
election  to  membership.  Bills  for  the  fee  and  dues  should 
accompany  the  notification  of  election.  Thereafter  the  annual 
dues  shall  be  due  and  payable  on  the  first  day  of  Ctctober  of 
each  year. 
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7-  (Sections  14  and  16.)  Upon  payment  of  the  initiation 
fee  and  annual  dues,  a  newly  elected  member  shall  receive  a 
copy  of  the  volume  of  the  Proceedings  containing  the  report 
of  the  meeting  held  in  the  then  current  fiscal  year,  and  copies 
of  any  other  publications  of  the  Institute,  which  may  have 
been  distributed  without  charge  to  the  members  during  that 
year,  even  though  the  date  of  issue  of  these  publications  is 
prior  to  that  of  the  election  of  such  member. 

8.  Each  member  shall  be  entitled  to  a  badge  upon  payment 
of  an  amount  to  be  fixed  from  time  to  time  by  the  Directors. 
Upon  his  ceasing  to  be  a  member,  he  shall  return  his  badge, 
and  receive  therefor  the  sum  of  $2.00. 

9.  Each  member  shall  be  entitled  to  a  certificate  of  mem- 
bership in  accordance  with  his  grade,  signed  by  the  President 
and  Secretary.  Every  such  certificate  shall  remain  the  prop- 
erty of  the  Institute  and  shall  be  returned  to  the  Secretary  on 
demand  of  the  Directors. 

ID.  (Section  19.)  The  Treasurer  shall  present  to  the 
Directors  the  name  of  any  member  m  arrears  for  more  than 
one  year. 

11.  (Section  26.)  The  Secretary  shall  furnish  the  Direc- 
tors with  the  information  needed  for  their  annual  report, 
excepting  only  as  to  finances,  or  to  matters  which  have  been 
entrusted  to  special  committees.  The  financial  report  shall  be 
made  by  the  Treasurer  to  the  Finance  Committee. 

12.  (Section  26.)  The  fiscal  year  of  the  Institute  shall 
begin  September  ist. 

13.  (Section  28.)  The  President  shall,  at  the  first  ses- 
sion of  the  Annual  Meeting,  appoint  three  Tellers  of  Election, 
who  shall  canvass  the  vote  cast  for  officers,  and  report  the 
result  to  the  meeting. 

14.  (Section  31.)  The  Nominating  Committee  shall  report 
at  the  first  session,  and  a  ballot  be  taken  on  their  report  at 
once  unless  twenty  or  more  members  object.  In  such  case,  the 
ballot  for  officers  shall  take  place  at  the  first  session  of  the 
second  day,  in  the  manner  prescribed  in  By-Law  No.  15. 


D.gnzed  by  Google 


IS-  (Section  31.)  If  the  report  of  the  Nominating  Com- 
mittee is  not  unanimously  adopted,  the  Tellers  of  Election 
shall  distribute  ballots  among  the  members,  at  once,  unless 
the  election  is  postponed  as  covered  by  By-Law  No.  14.  In 
either  case  poll  may  be  opened  outside  the  meeting  room  in 
some  adjacent  and  convenient  place.  If  there  is  no  objection, 
one  ballot  may  be  cast  for  those  nominated  by  the  committee, 

16.  (Section  33.)  When  the  appointment  of  a  chairman 
is  not  included  in  the  appointment  of  a  committee,  the  latter 
shall  elect  their  own  chairman. 

17.  (Section  36,)  The  Secretary  shall  be  in  charge  of 
the  membership  lists.  He  shall  also  be  in  charge  of  all  other 
property  of  the  Institute  not  distinctly  pertaining  to  the  Treas- 
urer's work. 

18.  (Section  37.)  The  annual  report  of  the  Treasurer 
shall  be  embodied  in  the  financial  report  of  the  Directors. 

19.  (Section  37.)  Neither  the  Treasurer  nor  any  other 
oHicer  of  the  Institute  shall  pay  out  money  except  upon  bills 
approved  by  the  President  and  a  member  of  the  Finance 
Committee. 

20.  (Section  37.)  The  Treasurer  shall  furnish  a  bond 
for  the  faithful  performance  of  his  duties  to  such  amount  as 
the  Finance  Committee  may  require,  such  bond  to  be  procured 
from  an  incorporated  guarantee  company  at  the  expense  of 
the  Institute. 

21.  (Section  39.)  The  President,  subject  to  subsequent 
approval  by  the  Directors,  may,  in  his  discretion,  appoint  a 
member  or  members  of  the  Institute  to  represent  it  at  meetings 
of  associations  of  kindred  aim  or  at  public  functions.  Such 
delegates  should  be  designated  as  "Honorary  Vice-Presidents," 
and  their  duties  shall  terminate  with  the  occasion  for  which 
they  are  appointed. 

22.  (Section  39.)  Not  later  than  six  months  prior  to 
each  annual  meeting  of  the  Institute,  the  Directors  shall 
appoint  an  Arrangement  Committee  to  have  charge  of  all  the 
details  connected  with  the  annual  meeting,  except  only  as  to 
papers. 
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23.  At  the  opening  of  the  first  session,  following  the  elec- 
tion of  officers,  the  President  shall  appoint  a  committee  of 
three  to  recommend  the  place  to  be  designated  by  the  Institute 
for  the  next  annual  meeting. 

24,  (Section  57.)  Amendments  of,  or  additions  to,  the 
By-Laws  may  be  adopted  by  the  Directors  by  a  unanimous 
vote  at  any  meeting.  When  objection  is  made,  two  weeks' 
notice  and  copy  of  the  proposed  changes  shall  be  sent  to  each 
Director.  At  any  meeting  subsequent  to  such  notice,  a  two- 
thirds  vote  will  be  sufficient  for  adoption. 
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INDEX  TO  CONSTITUTION  AND  BY-LAWS. 


Active  Members,  3,  s,  10,  14.  16.  •• 

Admiasion  (Non-Members  to  meerings),  5a 

Adverse  Votes  (ballot),  13. 

Affiliation,  55, 

Amalgam  all  on^  2. 

Amendmenls,  57;  B.  L,.,  24. 

Annual  Meeting,  44,  45. 

Applications  (Membership),  10,  II ;  B.  L.,  1,  2,  3,  4. 

Arrears,  Dues,   19;  B.  L.,  10. 

Associate  Directors,  23,  55. 

Associate  Members,  3,  7,  10,  14,  16. 

Arrangements  Committee,  39;  B.  L.,  22. 

Authors  (to  remain  owners  of  papers,  drawings,  etc.),  53. 

Badge,  B.  I,.,  8. 

Ballot,  12;  (second),  12;  (all  election  by),  28;  B.  L.,  4,  14,  15. 

Bond  (Treasurer),  B.  L.,  20. 

Certificates  (Membership),  13;  B.  L.,  9. 

Charter  Members,  8. 

Chairman  Meetings.  34.  35;  (Chairman  Committees),  B.  L.,  16. 

Committees  (Executive),  25;  (Nominating),  31;  (Special  Nominat- 
ing), 32;  (Finance),  33,  38;  (Arrangements),  39;  B.  L.,  22; 
(Public  Relations).  41;  (Technical),  42;  (Sub-Committees),  43; 
(Publication),  53. 

Delegates,  called  Honorary  Vice-Presidents,  B.  I,.,  21. 

Directors  (manage  Institute),  22;  (how  composed),  23;  (annual  re- 
port), 26;  (Associate  Directors),  23;  (duties),  9,  10,  13,  17,  18, 
19,  20,  21,  24.  25,  26,  31.  33,  35,  38.  39,  44,  46.  51.  54;  (election 
of),  27;  (Chairman  of  meeting),  34,  35;  (meetings  of),  54; 
(quorum),  23;   (vacancy),  24. 

Dues  (amounts),  16;  (when  payable),  13,  16;  B.  I,.,  6;  (non-payment 
of),    19;    (Directors    may    refuse   to    receive),   30;    (arrears). 


Election  (New  Members),  9,  10,  12,  13;  B.  L.,  4;  (notifications  of), 

B.  L..  4,  S;  (Tellers  of),  B.  L.,  13,  15. 
Eligibility  (Members),  4,  5,  6.  7;  (Officers),  30. 
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Executive  Committee,  25. 
Expulsions,  19,  30. 

Fees  (New  Members),  13,  14;    (Transfer  Junior),  15;   (Life  Mem- 
bership), 17.  18. 
Finance  Committee,  33;  (duties  of),  38. 
First  Vice-President,  23,  24,  35. 
Fiscal  Year,  B.  L.,  12. 
Funds  Investment,  38. 

Honorary  Members,  3.  4,  9!  (Honorary  Vice-Presidents),  B.  L.,  21. 

Initiation  Fees,  13,  14;  B.  L-,  6. 

Institute  (annual  meeting),  44,  45;  (special  meeting),  46;  (quorum 
at  meeting),  47;  (questions  at  meeting— how  decided),  48;  fper- 
sonal  questions  at  meeting),  49;  (procedure),  49;  (admission 
of  non-members),  50;  (papers  read  at  meetings),  51,  52. 

Junior  Members,  3.  6>  lOi  I4>  IS1  i6- 

Life  Members,  17,  18. 

Management,  22. 

Meetings  (annual  Institute),  44;  (notices  of),  45;  (special  Institute), 
46;  (notices  of),  46;  (quorum),  47;  (decision  of  questions),  48; 
(personal  questions),  49;  (admission  of  non-members),  50; 
(papers  read  at),  si.  52- 

Meetings  (Directors),  S4;  (quorum),  23. 

Members  (Active),  3,  5,  10,  14,  16;  (Associate),  3,  7,  10,  14.  16; 
(Charter),  8,  15;  (classes  of),  3;  (election),  9,  12,  13;  (expul- 
sion), 9,  20;  (Honorary),  3,  4,  9;  (Junior),  3,  6,  10,  14,  15,  16; 
(Life),  17,  18;  (privileges  of),  3;  (qualifications),  4,  s,  6,  7; 
(reinstatement),  19. 

Membership  (application),  10;  (certificate),  13;  (transfer),  11,  15; 
(list),B.L.,  17. 

Name,  i. 

Nominating  Committee,  31;  B.  L.,  14,  15!   (special),  32. 
Notices    (annual   meeting),    45;    (special    meeting),    46;    (Directors' 
meeting),  54;  (election),  B.  L.,  4,  5. 

Object  of  Institute,  2. 

Officers  (terms),  ag;   (titles),  27;  (eligibility),  30, 
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Papers,  39,  51,  52. 

Payments,  B.  L.,  19. 

Personal  Questions,  49. 

President,  23;   (vacancy),  24;   (election),  27,  28;   (term).  29;    (eligi- 

bilily    to    reelection),    30;     (preside),  34;     (absence  of),    35; 

(appoint  committees),  4a 
Property,  B.  L.,  17, 
Publication  Committee,  53. 
Public  Relations,  41,  43. 

Questions  (how  decided),  48,  49. 

Quorum  (meeting),  47;  (Directors'  meeting),  23. 

Reports   (Board  of   Directors),  26;    (Treasurer),  37;    (Sub-Commit- 

,    tees),  43;  (Resolutions,  report,  recommendation),  39. 
Reelection   (Officers),  30. 
Reinstatement,  19. 
Refusal  to  Receive  Dues,  20,  21. 
Roberts'  Rules  of  Order,  49. 

Second  Vice-President,  23,  24,  35- 

Secretary,  23,  24;  (dulies),  36,  4S,  46.  56;  B.  L.,  11,  17. 

Special  Meeting.  46. 

Sub- Committees,  43. 

Suspensions,  19. 

Tellers  of  Election,  B.  L.,  13. 
Technical  Committee,  42,  43. 
Terms  (Officers),  29. 
Transfer  (Membership  grade),  11,  15,  2t. 

Treasurer,  27,  29;   (duties  of),  37;    (report),  37;   B.  L„   11,   18,  19; 
(bond  of),  B.  L.,  20. 

Vice-Presidents,  23,  24,  35. 
Visitors   (attendance  at  meetings),  50. 
Vote  (right  to),  3,  19;  (method),  48. 
\'olume  of  Proceedings,  S6;  B.  L.,  7. 
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Past  Officers  of  the  Merged  Associations 


AMERICAN  CAS  UGHT  ASSOQATION 
1673-1906 


Pasl  Presidents 

"Charlks  Roomb 

1873-79 

Arthur  E.  Boardman 

■      1893 

•William  H.  Price  — 

i88o-8i 

William  H.  Pearson. 

■      .894 

•Andrew  Hickenlooper 

1882 

Walton  Clark 

■      '895 

■Theobald  Forstali.--. 

1883 

C.  J.  R.  Humphreys.- 

.      1896 

•WiLLIAU   A.    STEDMAN-- 

1884 

Chas.  H.  Nettleton  . 

■      1897 

•EuGENH  Vanderpooi,  . - 

1885 

•J.  B.  Crockett 

.      1898 

•AusTiK  C.  Wood 

18S6 

Alex,  C.  Humphreys. 

■      1899 

Malcolm  S.  Greenough     1887 

Geo.  G.  Ramsdell... 

•Thomas  Turner 

1888 

Edward  G.  Pratt  — 

•Alphkus  B.  Slater.... 

1889 

•Wm.  R.  Seal 

1901 

Bmkrson  McHillin  ... 

■890 

Alten  S.  Miller 

■      1903 

JOHK  B.  Harbison 

1891 

ROLUN  NORRIS 

■      1904 

•William  Hhnrv  White 

189J 

E-  G.    COWDREV 

'905 

'•Charles  F 

Prichard. 

Past  Secretaries 

1873 
1874 

C.  J.  R.  Humphreys. ■■ 
A.  B.  Slater,  JR 

1884.91 
-1891.96 

•Pbthr  E.  Demill 

•Charles  H,  Nbttleton 

1875-79 

Alfred  E.   Forstall- 

1897-04 

•William  Henry-White 

1880-83 

Geo.  G.  Ramsdell  ... 

1905-06 

Gen.  A-  HiCKSNLOOPBR 
Embrson  McMillin  -■- 
Eugene  Printz 

•Thomas  Wood 

Edw.  Lindslky 

•Chas.  R.  Faben,  Jr  -.- 

•H-   WlLKIEMSYSR 

Chas.  h.  Welch 

irvin  buttkrworth-.- 

J,  W,  R.  Cline 

•Jos.  Gwynn 

'B.  W-  Perki 
'  Elected  but  did 


OHIO  GAS  UGHT  ASSOaATION 
1864-1906 
Past  Presidents 
884.86        JEROMB   Fknn--. 


W.  C-  Boyle. 

•B.  P.  Holmes,  elected  for 

•E.  H.  Jenkins 

A.  P.  Lathrop 

George  Whysall 

Hbnry  L-  Doherty  — 

C-  W,  Andrews 

John  D.  McIlhennv  — 

F.  W.  Stone 

Donald  McDonald 

190T 

oving  to  merger-     •  Deceased. 


1899 
1899 


895 
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OHIO  GAS  UCHT  ASSOCIATION-C  Ciw/iBBA/) 

Past  Secretaries 
•Joseph  M.  Bate 1884-85       A.  P.  Lathrop  1S94-98 

IRVIN  BUTTBRWORTB 1886-93         THOMAS  CLIVH  JONBS"  1899-I906 


WESTERN  GAS  ASSOCIATION 
I678-19M 


Past  Presidents 

*J.  0.  King 

"Thomas  Botterworth  ■ 

■  1878-80 
.i88r-83 

1894 

I8ql 

Isaac  C.  Baxter 

•J.  B.  Howard 

.  1883-84 

A.  W.  Littleton 

1896 

T.  G.  Lansdhn 

.      1885 

•W.  H.  Odiorne 

1897 

•James  Somerville 

.      1886 

Jambs  T.  Lvnn 

1898 

*G.  Treadwav  Thompson 
William  McDonald--.. 

1899 
1900 

Emerson  McMilun  ... 

Gborgk  G.  Ramsdeli.  ■ 

.      1889 

I,  C.  COPLEV — 

I90I 

•E.  G.  King,  Elected  for 

.      1890 

Thomas  D.  Miller 

1903 

•Charles  R.  Pabbk,  Jr. 

.      1890 

A.  H.  Barrrt 

I9OS 

Frederic  Hcnkr 

■       1891 

F.  H.  Shklton 

1904 

E.  G.    COWDREY 

1892 

0.  0.  Thwing 

■      1893 
RR  MURR. 

19«1 

'•Ke 

AY  MrrcHELL. 

Am/  Secretaries 

•Lee  a.  Hali, 

.1878.8a 

James  W.  Dunbar  —  1895 

.1906 

A.  W,  LiTTI.ETON 

.1882-94 

AMERICAN  GAS  INSTITUTE 
J^si  Presidents 

B.  W.  Perkins 1906       W,  H.  Bradley 1909-1910 

Walton  Clark 1906-1907       Donald  McDonald-- -1910-1911 

Alex.  C.  Humphrhys-i907.i9o8       Ira  C,  Copley i9i[-i9ia 

•Chas.  p.  PRICBARD---1908-1909       W.  R-  Addicks 1912-1913 

Past  Secretaries 
James  W.   Dunbar.--- 1906-1908       Geo.  G.  Ramsdbll — 1911- 

A.  B.  Bkadle 1908-1911 

'  Elected  but  did  not  serve  owing  to  merger.     *  Deceased. 
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MEMBERS 

OP  THB 

AMERICAN  GAS  INSTITUTE 

HOHOKARY  MBMSESS. 

Bone,  Pkop.  William  A.,  September,  1912. 

Professor  in  the  Imperial  College  of  Science  and  Technology, 

South  Kensington,  London,  S.  W.,  England. 
CHAN1H.EK,  Charles  F.,  Ph.  D.,  U.  D.,  I,L.  D.,  D.  Sc,  September,  1910. 

SI  East  S4tii  Street,  New  York,  N.  V. 
King,  William,  September,  igio. 

5  Beach  Lawn,  Waterloo,  Liverpool,  England. 
WooDAiA,  Sir  Corbet,  September,  1910. 

Palace  Chambers,  Bridge  Street,  Westminster,  S.  W.,  London. 

England. 

LIFE  MBMBEK. 

ifLATES,  AiPHEUs  B.,  October,  1906. 

Consulting  Engineer,  Slocums,  Rhode  Island. 

ACTIVE  HBMBBRS. 

Abell,  H.  C,  October,  1906. 

Engineer,  American  Light  8:  Traction  Company,  40  Wall  Street, 
New  York,  New  York. 

Adams,  B.  C,  October,  1906. 

General    Manager,    Spokane    Gas   &   Fuel    Company,    Spokane, 
Washington. 

Adams,  H.  C,  October,  1906. 

Vice-President,  Westmoreland  Coal  Company,  224  South  Third 
Street,  Philadelphia,  Pennsylvania. 

Adams,  Robert  Morposd,  March,  1913. 

Secretary  and  Treasurer,  Los  Angeles  Gas  &  Electric  Corpora- 
tion, 64s  South  Hill  Street,  Los  Angeles,  California. 

Addicks,  Walter  R.,  October,  1906. 

Vice- Preside" I,  Consolidated  Gas  Company  of  New  York,  124 
East  iSth  Street.  New  York,  New  York. 

Afbica,  Walter  G.,  October,  1906. 

Treasurer  and  Manager,  Peoples  Gas  Light  Company,  39  Han- 
over Street,  Manchester,  New  Hampshire. 
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Alden,  John  Douglas,  March,  1910. 

Assistant  Superintendent,   United  Gas  Improvement  Company, 

Waterbury,  Connecticut. 
AijtRiCH,  W.  A.,  October,  1906. 

Engineer,  23  North  Lafayette  Street,  Grand  Rapids,  Michigan. 
AiiEN,  William  H..  Jr.,  September,  1909. 

Superintendent,    By-Products    Coke    Corporation.    Semet-Solvay 

Coke  Ovens,  South  Chicago,  Illinois. 
Allison,  Walter  A.,  October,  1906. 

Engineer,  C.  H,  Geist  Company,  1127  Land  Title  Building,  Phila- 
delphia, Pennsylvania. 
.\llyn,  Geobge  E.,  October,  1906. 

Superintendent   of   Distribution,    Providence  Gas  Company,  20 

Market  Square,  Providence,  Rhode  Island. 
.-Klmbekg,  H.  E..  September,  1913. 

Attorney  for  Consolidated  Gas  Company  of  New  York,  124  East 

15th  Street,  New  York,  New  York. 
Alrich,  HeRBEKT  W.,  March,  1909. 

Assistant  Engineer  of  Construction,  Consolidated  Gas  Company 

of  New  York,  124  East  isth  Street,  New  York,  New  York. 
Althen,  George  R.,  September,  1912. 

Superintendent  of  Distribution,  Gas  Division,  Consolidated  Gas, 

Electric  Light  &  Power  Company,  Lexington  and  Liberty  Streets, 

Baltimore,  Maryland. 
AlthousE,  A.  J.,  September,  1912. 

Superintendent,   Hamburg   Gas  &   Electric   Company,   Hamburg, 

Pennsylvania. 
Ames,  Knowlton  L.,  October,  1906. 

Jacksonville  Gas  Company,  108  South  La  Salle  Street,  Chicago, 

Illinois. 
Anj)Erson,  Edgas  VoobheES,  September,  1910. 

Gas   Engineer,    Central    Hudson  Gas  &   Electric  Company,  50 

Market  Street,  Poughkeepsie,  New  York. 
Andebson,  Howard  Bruce,  September,  1911. 

Superintendent  City  District,  The  United  Gas  Improvement  Com- 

pany>  1931  South  9th  Street,  Philadelphia,  Pennsylvania. 
Anmrson,  William  C,  October,  1906. 

Manager,  Luzerne  County  Ga6  &  Electric  Company,  247  Wyo- 
ming Avenue,  Kingston,  Pennsylvania. 
Andrews,  Charles  Harold,  March,  igi2. 

Assistant  General  Manager,  North  Carolina  Public  Service  Com- 
pany, Greensboro,  North  Carolina. 
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Andrews,  C.  W.,  October,  1906. 

Treasurer,   Zenith   Furnace   Company,   404  West   First   Street, 

Duluth,  Minnesota. 
Andrews,  J.  Cbasles,  October,  1906. 

Turner  Construction  Company,  11  Broadway.  New  York,  New 

York. 
Anceu,,  Frsi^ric  J.,  September,  1908. 

Mechanical  Engineer,  38  Victoria   Street,  Westminster,   London. 

S.  W.,  England. 
.AjtKWRiGHT,  p.  S.,  October,  igo6, 

Vice-President,   Atlanta  Gas  Light  Company,   Electric  &   Gas 

Building,  Atlanta,  Georgia. 
.\rustrokg,  H.  v.,  March,  1912. 

Engineer,  Northern  Indiana  Gas  &  Electric  Company,  Michigan 

City,  Indiana. 
Arustrong,  J.  H.  N.,  March,  1911. 

Statistician,  Consolidated  Gas  Company,  124  East  isih  Street, 

New  York,  New  York. 
Abthub,  F.  M„  October,  1906. 

District    Superintendent,    United    Gas    Improvement    Company, 

1615  North  Qth  Street,  Philadelphia.  Pennsylvania. 
Ashwosth,  James,  September,  1910. 

Superintendent  ot  Distribution,  Public  Service  Gas  Company, 

St.  Paul  and  St,  James  Avenues,  Jersey  City,  New  Jersey. 
Atwood,  C.  Cassels,  October,  1906. 

Superintendent,    New    Amsterdam    Gas    Company,    Vernon    and 

Webster  Avenues,  Long  Island  City,  New  York. 
Ayres.  Chester  T.,  September,  1908. 

Works  Manager,  Union  Carbide  &  Electro-Metallurgical  Com- 
pany, 30  East  42d  Street,  New  York,  New  York. 
Baehr,  William  Alfred,  October,  1906. 

Consulting  Engineer,  Peoples  Gas  Building,  Chicago,  Illinois. 
Bains,  Gecoige  B.,  3»,  October,  1906. 

Engineer,  Consumers  Gas  Company,  441   Penn  Street,  Reading, 

Pennsylvania. 
Bali.,  James,  October,  1906. 

Assistant   Secretary  and  Treasurer,   United   Gas    Improvement 

Company,  Broad  and  Arch  Streets,  Philadelphia,  Pennsylvania. 
Ball,  Samuel,  September,  191 1. 

Manager,  Bay  City  Gas  Company,  520  Centre  Avenue,  Bay  City, 

Michigan. 
Barker,  Perky,  September.  191 1. 

Fuel  Engineer,  Arthur  D.  Little,  Inc.,  93  Broad  Street,  Boston, 

Massachusetts. 
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Babkeb,  Wiu-iAK  S.,  September,  1911. 

Assistant  to  Comptroller,  Public  Service  Gas  Company,  763  Broad 

Street,  Newark,  New  Jersey. 
Bablow,  Thaddeus  Scott,  September,  1910. 

Superintendent,  Consolidated  Gas  Company,  303  ^st  ggth  Street, 

New  York,  New  York. 
Barnes,  Albebt  Mallasd,  September,  1907. 

,  President  and  General  Manager,  Cambridge  Gas  Light  Company, 

719  Massachusetts  Avenue,  Cambridge,  Massachusetts. 
Babnitz,  F.  R.,  September,  1908. 

General  Superintendent,  Commercial  Department,  Consolidated 

Gas  Company  of  New  York,  124  East  15th  Street,  New  York, 

New  York. 
Baskum,  Oana  DwiGHT,  March,  1911. 

General    Manager,  Worcester   Gas   Light   Company,   240   Main 

Street,  Worcester,  Massachusetts, 
Babbet,  a.  H.,  October,  1906. 

Retired,  Louisville  Gas  Company,  s  Board  of  Trade  Building, 

Louisville,  Kentucky. 
Babbett,  Wiiaiak  E.,  October,  1906. 

Gas  Engineer,  J.  G.  White  Management  Corporation,  43  Ex- 
change Place,  New  York.  New  York. 
BakretT,  WnxiAM  Felton,  September,  1906. 

Consulting  Engineer,  42d  Street  Building,  30  East  42d  Street, 

New  York,  New  York. 
Barbows,  Geobge  S.,  October,  1906. 

Gas  and  Electric  Utilization  Division,  Tlie  United  Gas  Improve- 
ment Company,  1401  Arch  Street,  Philadelphia,  Pennsylvania. 
Babtkold,  W.  H.,  October,  1906. 

Gas  Engineer,  Hodenpyl,  Hardy  &  Company,   14  Wall  Street, 

New  York,  New  York. 
Batten,  J.  W.,  March,  1909. 

Engineer,    Detroit    City    Gas    Company,    Gas    Office    Building, 

Detroit,  Michigan. 
Baitin,  Henhy  S.,  October,  igo^. 

Assistant  to  General  Superintendent,  United  Gas  Improvement 

Company,  Broad  and  Arch  Streets,  Philadelphia,  Pennsylvania. 
Battin,  Isaac,  October,  1906. 

Retired,  Engineer,  Omaha  Gas  Company,  8047  Walker  Street, 

Holmesburg.  Philadelphia,  Pennsylvania. 
Battin',  Wm.  Ingram,  March,  1910. 

Engineer,  Indiana  Lighting  Company,  911  Pontiac  Street,  Lafay- 
ette, Indiana. 
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Baubhyte,  WiLUAM,  October,  1906. 

Vice-President,  Los  Angeles  Gas  &  Electric  Corporation,  64s 
South  Hilt  Street,  Los  Angeles,  California. 

Baxtes,  Isaac  C,  October,  1906. 

Upland,  San  Bernardino  County,  California. 

Bayiy,  C,  Clay,  October,  1906. 

Assistant  to  Engineer,  Washington  Gas  Light  Company,  Twenty- 
sixth  and  G  Streets,  Washington,  District  of  Columbia. 

Beaiknkdfp,  Georce,  October,  igo6. 

Engineer,  Consolidated  Gas,  Electric  Light  &  Power  Company, 
Lexington  and  Liberty  Streets,  Baltimore,  Maryland. 

Beasle,  Ai,beht  B.,  October,  1906. 

Consulting  Gas  Engineer,  1328  Chestnut  Street,  Philadelphia, 
Pennsylvania. 

Beal,  A.  R.,  October,  1906. 

District  Superintendent.  Central  Hudson  Gas  &  Electric  Com- 
pany, Newburgh,  New  York. 

Beal,  T.  IL,  October,  1906. 

President,  Central  Hudson  Gas  &  Electric  Company,  309  Main 
Street,  Poughkeepsie,  New  York. 

BeauuokT,  Walteb  W.,  September,  1907. 

Assistant  Superintendent,  Street  Lighting  Department,  The 
Equitable  Illuminating  Company,  24  North  azd  Street,  Phila- 
delphia, Pennsylvania. 

BechEb,  EucEn,  March,  1913. 

Chief  Engineer,  Blaugas  Company  of  America,  25  Madiapn 
Avenue,  New  York,  New  York. 

Beck,  GE(»ge  W.,  October,  1906. 

Superintendent,  Sunbury  Gas  Company,  Sunbury,  Pennsylvania. 

Beu.,  Clement  H.,  September,  191a 

Manager  and  Superintendent,  Waiertown  Light  &  Power  Com- 
pany, Watertown,  South  Dakota. 

Bell,  Ernest  Williak,  October,  1906. 

Consulting  Engineer,  Room  1425,  165  Broadway,  New  York, 
New  Yort 

Benedict,  Clakence  U.,  September,  1908. 

Assistant  Secretary  and  Treasurer,  Charleston  Consolidated  Rail- 
way &  Lighting  Company,  Charleston,  South  Carolina. 

Bennett,  Charles  W.,  October,  1906. 

General  Manager,  Binghamton  Gas  Works,  40  Chenango  Street, 
Binghamton,  New  York. 

Benson,  FSEdebick  Shefasd,  Jr.,  March,  1911. 

Superintendent,  Nassau  Works,  Brooklyn  Union  Gas  Company, 
556  Kent  Avenue,  Brooklyn,  New  York. 
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BEBK1.EY,  Jos.  M.,  October,  1906. 

Superintendent  and  En^neer,  Southern  California  Gas  Company. 

624  Pacific  Electric  Building,  Los  Angeles,  California, 
Bestke,  W.  a.,  September,  1909. 

Superintendent,  Gas  Plants,  Pacific  Power  &  Light  Company. 

North  Yakima,  Washington. 
BeRTxe,  WiuJAii  JoBN,  October,  igo^ 

Engineer,   Sioux  City  Gas  &  Electric  Company,  3519  Jackson 

Street,  Sioux  City,  Iowa. 
BenTSAND,  Phujp  A„  October,  1906. 

General  Manager,   Grays   Harbor  Railway  &   Light  Company, 

Aberdeen,  Washington. 
Beuguk,  Hugh  M.,  September,  1913. 

Operating  Manager,  Central  Hudson  Gas  tt  Electric  Company, 

SO  Market  Street,  Poughkeepsie,  New  York. 
Bill,  Benjamin  P.,  October,  1906. 

Superintendent,  Springfield  Gas  Light  Company,  23  State  Street. 

Springfield,  Massachusetts. 
BtMSON,  John,  Jr..  September,  1909. 

Superintendent  Distribution,  Public  Service  Gas  Company,  Pat- 

erson.  New  Jersey. 
Bmo,  Vicco  Edward,  September,  1910, 

Manager,   New  London  Gas  &  Electric   Division,   Connecticut 

Power  Company,  33  Union  Street,  New  London,  Connecticut. 
Bishop,  Rookwood  Comfobt,  March,  1911. 

General   Manager,   Christchurch   Gas.   Coal  &   Coke  Company. 

Ltd.,  77  Worcester  Street,  Christchurch,  New  Zealand. 
BissEU,.  West,  October,  1906. 

Civil  Engineer.  Care  of  Mrs.  Kennedy,  27  Park  Street,  Jersey 

City,  New  Jersey. 
BixBV,  Howard,  October,  1906. 

General  Manager,  Gas  Company,  Red  Wing,  Minnesota. 
Blackie,  John  F.,  March,  1911. 

Assistant    Superintendent,    Milwaukee    Coke   &   Gas    Company. 

Milwaukee,  Wisconsin. 
Blackweu.,  Hubert  C,  September,  1912. 

General  Superintendent,  Peoples  Light  Company,  208  West  High 

Street,  Davenport,  Iowa. 
Blake,  Francis  J.,  September,  1912. 

Superintendent  Manufacturing,  Nashville  Gas  &  Healing  Com- 
pany, 722  Second  Avenue  North,  Nashville,  Tennessee. 
Blauvelt,  William  Hutton,  March,  1911. 

Consulting  Engineer,    Semet-Solvay   Company,   Syracuse,    New 

York. 
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BI.AUVEI.T,  Wamen  S.,  October,  1906. 

Superintendent,    Detroit    Plant,    Delray    Station,    Semet-Solvay 

Company,  Post  Office  Box  11,  Detroit,  Michigan. 
Bloweks,  Frank  W.,  October,  1906. 

Secretary  and  General  Manner,  Kalamazoo  Gas  Company,  Kala- 

maioo,  Michigan. 
BoAHDUAif,  A.  E.,  October,  1906. 

Villa  Canto  Sereno,  Locarno,  Minusio,  Switzerland. 
BoniNE,  Samuel  Tayi/ib,  October,  1906. 

President,  The  United  Gas  Improvement  Company,  Broad  and 

Arch  Streets,  Philadelphia,  Pennsylvania. 
BoGSRT,  W.  Russell,  March,  1911. 

Assistant  Superintendent,  Consolidated  Gas  Company,  130  East 

iSth  Street,  New  York,  Nevf  Yort 
Bond,  ChaklES  O.,  March,  1907. 

Manager,    United    Gas    Improvement    Company    Photometrical 

Laboratory,  3101  Passyunk  Avenue,  Philadelphia,  Pennsylvania. 
Boone,  Chables,  October,  1906. 

Engineer,  Metropolitan  Works,  Brooklyn  Union  Gas  Company, 

579  5th  Street,  Brooklyn,  New  York. 
Booth,  Arthuk,  September,  1909. 

Assistant    General    Purchasing   A^ent.    Philadelphia    Company, 

435  Sixth  Avenue,  Pittsburgh,  Pennsylvania. 
Booth,  W.  F.,  March,  1909. 

Manager,  Little  Rock  Gas  &  Fuel  Company,  Little  Rock,  Arkan- 

BoRGNEB,  CvRus,  October,  igo6. 

President,   Cyrus   Borgner   Company,   234  North   Twenty-third 

Street,  Philadelphia,  Pennsylvania. 
Boyd,  Albert  Matthew,  October,  1906. 

Assistant  to  General   Superintendent,  United  Gas  Improvement 

Company,  1401  Arch  Street,  Philadelphia,  Pennsylvania. 
■BRAM.EY,  Charles  W.,  October,  1906. 

Engineer,  Northwestern  Gas  Light  &  Coke  Company,  115  North 

Oak  Park  Avenue,  Oak  Park,  Illinois. 
Bradley,  WjlUam  H.,  October.  1906. 

Chief  Engineer,  Consolidated  Gas  Company  of  New  York,  124 

East  ISth  Street,  New  York,  New  York. 
Brady,  James  C,  March,  1907, 

Director,  New  Amsterdam  Gas  Company,  54  Wall  Street,  New 

York,  New  York. 
Brady,  John  T.,  October,  1906. 

Treasurer,  Denver  Gas  &  Electric  Company,  900  Fifteenth  Street, . 

Denver,  Colorado. 
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BsAiNB,  John  H^  October,  1906. 

Superintendent,  Holder  Distribution  Department,  Brooklyn  Union 

Gas  Company,  84  Broadway,  Brooklyn,  New  York. 
BaxuEL,  Fbed,  October,  1906, 

Gas  Engineer,  405  Keene  Street,  Milwaukee,  Wisconsin. 
Brewer,  Joseph  H.,  September,  1912. 

Vice-President,    Kelsey    &    Brewer    Company,    Grand    Rapids, 

Michigan. 
Bkitsch,  Mathias,  October,  1906. 

Superintendent,  Cicero  Station,  Northwestern  Gas  Light  &  Coke 

Company,    Lombard   Avenue   and   G.    W.    Tracks,   Oak    Park, 

Illinois. 
Britton,  John  A.,  October,  1906, 

Vice-President  and   Genera!  Manager,  Pacific  Gas  St  Electric 

Company,  445  Sutter  Street,  San  Francisco.  California. 
Brodkax,  Wm.  F.,  October,  igo?. 

14  Eighth  Avenue,  Bethlehem,  Pennsylvania. 
Brown,  Charles  H.,  September,  1912. 

Superintendent,    Bluefield    Gas   &    Power    Company,    Bluefield, 

West  Virginia. 
Brown,  Ernest  C,  October,  1906. 

Secretary  and  Treasurer,  Boone  (Iowa)   Gas  Company,  Editor 

The  Gas  Age,  280  Broadway,  New  York,  New  York. 
Brown,  James  A.,  September,  1911. 

Gas  Engineer,  with  Hodenpyl,  Hardy  &  Company,  3004  Dime 

Bank  Building,  Detroit,  Michigan. 
Brown,  R.  B.,  October,  1906. 

General   Manager  and  Chief   Engineer,  Milwaukee  Gas  Light 

Company,  182  Wisconsin  Street,  Milwaukee,  Wisconsin. 
Brown,  Robert  E.,  October,  1906. 

General  Manager,  Consumers  Power  Company,  133  South  Front 

Street,  Mankato,  Minnesota. 
Brown,  Samuel  W.,  September,  1910. 

Superintendent,  Gas  Department,  Columbia  Railway,  Gas  &  Elec- 
tric Company,  2805  Wilson  Street,  Columbia,  South  Carolina. 
Bruce,  Howard,  October,  1906. 

Vice-President,    Bartlett    Hay  ward    &    Company,    Continental 

Building,  Baltimore,  Maryland. 
BRUFf,  Charles  L,  March,  1911. 

Combustion  Engineer,  United  Gas  Improvement  Company,  1401 

Arch  Street,  Philadelphia,  Pennsylvania. 
Brundace,  Henry  M„  September,  1908. 

Assistant  Secretary,  Consolidated  Gas  Company  of  New  York, 

124  East  15th  Street,  New  York,  New  York. 
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BittJNDRETT,  Ehnest  L.,  October,  1906. 

President,  Kansas  City  Gas  Company,  910  Grand  Avenue,  Kansas 
City,  Missouri.     ^ 

Bbush,  Daniel  Habmon,  Jr.,  March,  igi2. 

Assistant  Superintendent,  Calumet  Division,  Peoples  Gas  I^ight 
&  Coke  Company,  9051  Commercial  Avenue,  Chicago,  Illinois. 

Brvans,  Henry  Busseu,,  March,  igoS. 

Assistant  to  Inspecting  Engineer,  United  Gas  Improvement  Com- 
pany, 1401  Arch  Street,  Philadelphia,  Pennsylvania, 

Bryant,  ChaklEs  F.,  October,  1906. 

Auditor,  Westchester  Lighting  Company,  Mount  Vernon,  New 
York. 

Buck,  H.  M.,  October,  1906. 
Waukesha,  Wisconsin. 

BucKLSV,  Martin  P.,  March,  1913. 

Foreman,  Consolidated  Gas  Company,  501  East  21st  Street,  New 
York.  New  York. 

BtiCKuiNSTER,  RoLLiN,  September,  1908. 

Superintendent,  Lowell  Gas  Light  Company,  306  School  Street, 
Lowell,  Massachusetts. 

Btnx,  David  M.,  September,  1913. 

Assistant  Superintendent,  Consolidated  Gas  Company,  99th  Street 
and  and  Avenue,  New  York,  New  York. 

BuLLADD,  John  Esvin,  March,  1913. 

Manager,  New  Business  Department,  Public  Service  Corpora- 
tion of  Long  Island,  Fort  Washington,  New  York. 

Bullock,  B.  F.,  October,  igo6. 

Superintendent,  City  Gas  Works,  Municipal  Plant,  Fredericks- 
burg, Virginia. 

BuuF,  Milan  R.,  October,  1906. 

Care  of  H.  L.  Doherty  &  Co.,  60  Wall  Street.  New  York,  New 
York. 

Bunker,  Theodore,  October,  igo6. 

Engineer,  Gas  Department,  Passaic  Division,  Public  Service  Gas 
Company,  East  Sth  Street  Gas  Works,  Paterson,  New  Jersey. 

BuBCouBE,  NoHMAN  Smith,  March,  1911. 

Manager,  Grays  Harbor  Gas  Company.  103  West  Heron  Street, 
Aberdeen,  Washington. 

Burden,  Wesley  W.,  September,  1909. 

Mechanical  Engineer,  Astoria  Light,  Heat  S:  Power  Company. 
Astoria,  Long  Island,  New  York. 

Busgess,  C.  F.,  October,  1906. 

Northern   Chemical    Engineering   Laboratories,    Madison,   Wis- 
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BuRoi,  Hekuan,  October,  1906. 

General  Superintendent,  Gas  Light  Company,  State  and  Water 

Streets,  Springfield,  Massachusetts. 
Busk  HAST,  Henry  W.,  March,  igia 

Superintendent,    Gas    Department,    Southern    California    Edison 

Company,  Los  Angeles,  California. 
BuKLEiCH,  John  J.,  September,  igo?. 

Second  Vice-President,   Public  Service  Gas  Company,  418  Fed- 
eral Street,  Camden,  New  Jersey. 
BuRBirr,  DwiCHT  F.,  September,  1907. 

General  Superintendent,  National  Gas,  Electric  Light  &  Power 

Company,  1714  Ford  Building,  Detroit,  Michigan. 
Burt,  Austin,  October,  1906. 

Manager,  Citizens  Gas  &  Electric  Company,  308  East  4th  Street, 

Waterloo,  Iowa. 
BusB,  Robert  Wilder,  October,  1906. 

Engineer  of  Manufacture,  Brooklyn  Union  Gas  Company,  Kent 

Avenue  and  Cross  Street,  Brooklyn,  New  York. 
Butler,  John  Morris,  September,  1913. 

Secretary  and  Treasurer,  Bronx  Gas  &  Electric  Company,  West- 
chester, New  York. 
BuiTERWORTH,  C.  W.,  October,  1906. 

Care  Gas  Company,  Rock  ford,  Illinois. 
BuTTERWOHTH,  Ibvik,  October,  1906. 

Vice-President,  Detroit  City  Gas  Company,  121  Ferry  Avenue, 

East,  Detroit,  Michigan. 
BvRNE,  Edward  J.,  October,  1906. 

Engineer   of    Citizens   Works,   Brooklyn    Union   Gas   Company, 

Fifth  and  Hoyt  Streets,  Brooklyn,  New  York. 
BvBNE,  EfWABD  Louis,  September,  1910. 

Superintendent,  Fulton  Works,  The  Brooklyn  Union  Gas  Com- 
pany, 265  Nevins  Street,  Brooklyn,  New  York. 
Byrne,  Thou  as  E.,  October,  1906. 

Chief  Engineer,   Kings  County  Lighting  Company,  4802   New 

Utrecht  Avenue,  Brooklyn,  New  York. 
Cabell,  John  L,  September,  1908. 

Superintendent,    Savannah    Gas   Company,   9   Congress    Street, 

Savannah,  Georgia. 
Cabot,  John,  October,  1906. 

President,  Cabot  Manufacturing  Company,  1421  Clinton  Street, 

Hoboken,  New  Jersey. 
Cadwau^deb,  L.  L.,  October,  1906. 

Manager,  Chambersburg  Gas  Company,  Chambersburg,  Pennsyl- 
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Cafprev,  George  Henrv,  March,  1913. 

With  Havana  Railway,  Light  &  Power  ( 

Havana,  Cuba. 

Cahii,!,,  William  J.,  October,  1906. 

General  Manager,  Gas  Department,  Utici 
pany,  222  Genesee  Street,  Utica,  New  Y( 

Calhoun,  Ehvin,  September,  1913. 

Superintendent  of  Stores,  Philadelphia  G 
Improvement  Company,  19th  Street  ar 
Philadelphia,  Pennsylvania. 
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Castob,  WiLUAM  A.,  October,  1906. 

Superintendeat  of  Meters,  United  Gas  Improvement  Companjr, 

1^46  Dyre  Street,  Franlcford,  Philadelphia,  Pennsylvania. 
CaThels,  Edmund,  October,  1906. 

Engineer,  28  Plain  Street,  Providence,  Rhode  Island. 
CausBBBOOK,  W.  R.,  September,  igo?. 

Agent,  Gas  and  Electric  Departments,  Public  Service  Gas  Com- 
pany, 210  Park  Avenue,  Plainfield,  New  Jersey. 
Chadwell,  WiuiAif  H.,  September,  1907. 

Superintendent,  Market  Street  Gas  Works,  Public  Service  Gas 

Company,  Newark,  New  Jersey. 
Chaubeuain,  Glekn  R.,  October,  1906. 

Secretary  and  Manager,  Commercial  Department,  Grand  Rapids 

Gas  Light  Company,  Pearl  and  Ottawa  Streets,  Grand  Rapids, 

Michigan. 
Channon,  Haksy  O.,  March,  1911. 

Manager,   Quincy  Gas,   Electric  &  Heat   Company,  422    Main 

Street,  Quincy,  Illinois. 
Chapin,  C.  H.  B.,  September,  [913. 

Secretary,  Empire  State  Gas  &  Electric  Association;  Secretary, 

Joint  Committee  on  Calorimetry  for  New  York  Sute,  29  West 

39th  Street,  New  York,  New  York. 
Chafuan,  Hakun  Monroe,  September,  1913. 

Superintendent,  Semet-Solvay  Company,  Indianapolis,  Indiana. 
Chenev,  HekbEtt  Neal,  March,  1911. 

Engineer  of  Construction,  Boston  Consolidated  Gas  Company, 

24  West  Street,  Boston,  Massachusetts. 
Chewning,  Waltek  L.,  September,  1907. 

Construction  Department,  United  Gas  Improvement  Company, 

1401  Arch  Street,  Philadelphia,  Pennsylvania. 
Chichester,  Alised  A.,  October,  1906. 

Division  Superintendent,  Peoples  Gas  Light  &  Coke  Company, 

440  East  Forty-second  Place,  Chicago,  Illinris. 
Chollah,   Byson   E.,  October,  1906. 

Gas  Engineer,  2840  T roost  Avenue,  Kansas  City,  Missouri. 
Chubb,  Chester  N.,  October,  1906. 

Vice-President  and  Manager,  Northern  Indiana  Gas  &  Electric 

Company,  519  Franklin  Street,  Michigan  City,  Indiana. 
Chubbuck,  H.  E.,  October,  1906. 

Vice-President    Executive,    Illinois    Traction    System,    Peoria, 

Illinois. 
Clabaugh,  G.  W..  October,  1906. 

Vice-President  and  Secretary,  Omaha  Gas  Company,  1509  HoW' 

ard  Street,  Omaha,  Nebraska. 
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Clabk,  Horace  Mbuest,  March,  1910. 

Superintendent  of  Mains  and  Services,  The  Northwestern  Gas 

Light  &  Coke  Company,   115   North  Oak   Park  Avenue,   Oak 

Park,  Illinois. 
Claak,  John  A.,  Jr.,  October,  1906. 

Engineer  of  Distribution,  Public  Service  Gas  Company,  35  Front 

Street,  Newark,  New  Jersey. 
Clark,  John  C.  Q.,  October,  1906. 

Manager,  Utah  Gas  &  Coke  Company,  Salt  Lake  City,  UUh. 
Clark,  Robert  Browning,  March,  1911. 

Superintendent  of  Works,  Fall  River  Gas  Works  Company,  513 

High  Street,  Fall  River,  Massachusetts. 
Clark,  Walton,  October,  1906. 

Second  Vice-President,  The  United  Gas  Improvement  Company, 

Broad  and  Arch  Streets,  Philadelphia,  Pennsylvania. 
Clark,  William  J.,  October,  igo6. 

Vice-President,  Westchester  Lighting  Company,  ist  Avenue  and 

1st  Street,  Mount  Vernon,  New  York. 
Clark.  W.  Van  Alan,  March,  1912. 

Assistant  Superintendent,  Astoria  Light,  Heat  &  Power  Com- 
pany, Astoria,  Long  Island,  New  York. 
Clarke.  Alfbed,  March,  1908. 

President,   Various  Gas  Companies,    131    State   Street,  Boston, 

Massachusetts. 
Claey,  Edward  D.,  October,  1906. 

Superintendent,  Burlington  Gas  Light  Company,  3d  and  Wash- 
ington Streets,  Burlington,  Iowa. 
Clausen,  William  F.,  October,  1906, 

Gateral  Manager,  Winona  Gas  Ught  &  Coke  Company,  Winona, 

Miimesota. 
Cline,  W.  B.,  October,  1906. 

President,  Los  Angeles  Gas  &  Electric  Corporation,  64s  South 

Hill  Street,  Los  Angeles.  Caliomia. 
CoATB,  P.  S.,  October,  1906. 

Manager    and    Secretary-Treasurer,    Chatham    Gas    Company, 

Limited,  King  Street,  West,  Chatham,  Ontario,  Canada. 
Cobb,  B.  C,  October,  1906. 

Vice-President,  Bay  City  (Michigan)  Gas  Company,  Hodenpyl, 

Hardy  &  Co.,  14  Wall  Street,  New  York,  New  York. 
CoBH,  S.  P.,  October,  1906. 

Superintendent,    Gas    Department,    Albany    Southern    Railroad 

Company,  Albany,  New  York. 
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CoHN,  Chas.  M.,  September,  1907. 

Vice-President,  Consolidated  Gas,  Electric  Light  &  Power  Com- 
pany, 100  West  Lexington  Street.  Baltimore,  Uaryland. 

Coi^  C.  M.,  October,  1906. 

Superintendent,    HarrJsburg  Gas  Company,   Harrisburg,    Peon- 
sylvania. 

Coi^,  George  M,,  October,  1906. 

Vice-President  and  Manager,  Plattsburgb  Gas  &  Electric  Com- 
pany, 30  Margaret  Street,  Plattsburgb,  New  York, 

Cole,  William  W.,  October,  1906. 

General  Manager,  Day  &  Zimmerman,  Engineers,  608  Chestnut 
Street,  Philadelphia,  Pennsylvania. 

Collin,  H.  M.,  September,  1912. 

General  Manager,  Glenns  Falls  Gas  &  Electric  Light  Company, 
II  Warren  Street,  Glenns  Falls,  New  York. 

Collins,  Cakeoll,  October,  ipo6. 

Manager,    Marshall    Gas    Light    Company,    East    State    Street, 
Marshall,  Michigan. 

Cou-iNS,  David  J.,  Ociober,  1906. 

Sales  Agent,  The   United   Gas  Improvement  Company,  Broad 
and  Arch  Streets,  Philadelphia,  Pennsylvania. 

Collims,  Henry  P.,  October,  1906. 

Manager,  Herkimer  County  Light  &  Power  Company,  587  Albany 
Street,  Little  FaUs,  New  York. 

Collins,  J.  Clarence,  September,  1909. 

Secretary  and  Auditor,  Rochester  Railway  &  Light  Company, 
34  Clinton  Street  North,  Rochester,  New  York. 

Colquhoun,  Edward  M.,  September,  1908. 

Travelling  New  Business  Agent,  The  United  Gas  Improvement 
Company,  1401  Arch  Street,  Philadelphia,  Pennsylvania. 

CoLviN,  J.  E.,  October,  1906. 

Superintendent,  Muncie  Gas  Light  &  Fuel  Company,  301  East 
Main  Street,  Muncie,  Indiana. 

Combs,  Roger  B.,  October,  190& 

General  Manager,  Nashville  Gas  &  Heating  Company,  Nashville, 


CoustocK,  C,  A.,  March.  1911. 

General  Manager,  Gas  &  Electric  Company,  Watertown,  Wis- 

CoNGDON,  Richard  C,  Ociober,  1906. 

Secretary  and  General  Manager,  Atlanta  Gas  Light  Company, 
Atlanta,  Georgia. 
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CoNLEE,  George  D.,  September,  1913. 

Superintendent,  Chuctanunda  Gas  Light  Company,  33  Market 

Street,  Amsterdam,  New  York. 
CoNNEKS,  Maihias,  October,  igo6. 

Superintendent,  Peoples  Gas  Light  &  Coke  Company,  31st  Street 

and  Pitney  Court,  Chicago,  Illinois. 
CoNovEB,  Ernest  R„  September,  1913. 

Superintendent,   Westchester   Lighting   Company,   7   West   Main 

Street.  Tarrytown,  New  York, 
Cook,  Chas.  G.,  September,  1907. 
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CowDEBY,  Edwabs  G.,  October,  igo6. 

Vice-President,  Peoples  Gas  Light  &  Coke  Company,  Peoples 
Gas  Building,  Chicago,  Illinois. 

CowranTHWAiT,  B.  W.,  October,  1906. 

Manager,  Consumers   Power  Company,  Central  Avenue,  Fari- 
bault, Minnesota. 

CoWFERTHWAiT,  GeosGB  E.,  September,  1912. 

Secretary  and  Superintendent,  Danbury  &  Bethel  Gas  &  Electric 
Light  Company,  238  Main  Street,  Danbury,  Connecticut. 

Cbatts,  Habby  C,  October,  igo6. 

Manager,  Pitlsfieid  Coal  Gas  Company,  30  South  Street,  Pitts- 
field,  Massachusetts. 

Crahan,  B,  J.,  October,  1906. 

Superintendent,  Joplin  Gas  Company,  318  Joplin  Street,  Joplin, 
Missouri. 

CiiANE,  Wiu,iAM  M„  October,  1906, 

President,  New  Bern  Gas  Company,  New  Bern,  North  Caro- 
lina; 20  West  3zd  Street,  New  York,  New  York. 

CftAWTOW),  H.  T.,  October,  1906. 

Cashier,  Waukegan  Gas  Company,  Waukegan*  Illinois. 

CBAwroBD,  Thomas,  March,  1907. 

General  Manager,  Clinton  Gas  Light  &  Coke  Company,  Clinton, 

Creicbtoh,  John  Thomas,  March,  1913. 

Superintendent  Gas  Manufacture,  Los  Angeles  Gas  &  Electric 

Corporation,  645  South  Hill  Street,  Los  Angeles,  California. 
Cresscv,  Frank  A.,  Jr.,  September,  1912. 

Manager,  Modesto  Gas  Light,  Coal  &  Coke  Company,  Modesto, 

California. 
CrEssler,  a.  D.,  October,  1906. 

President,  The  Kerr  Murray  Company,  Peoples  Gas  Building, 

Chicago,  Illinois. 
Cressoh,  B,  F„  October,  1906. 

President,    Easton    Gas    &    Electric    Company,    2d    and    Ferr>- 

Streets,  Easton,  Pennsylvania. 
Crichton,  D.  K.,  October,  1906. 

Engineer,  Gas  Machinery  Company,  1900  Euclid  Avenue,  Cleve- 
land, Ohio. 
CwiAEY,  Roger,  October,  1906. 

General  Foreman,  ElizabeChtown  Gas  Light  Company,  19  Loomis 

Street,  Elizabeth,  New  Jersey. 
CsisnELD,  J-  A.  P.,  October,  1906. 

Engineer,  The  United  Gas  Improvement  Company,   1401   Arch 

Street,  Philadelphia,  Pennsylvania. 
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Cross,  Chaihes  Alfred,  March,  igii. 

Engineer,  Willi  am  sburgh  Works,  Brooklyn  Union  Gas  Com- 
pany, foot  of  North  I2th  Street,  Brooklyn,  New  York. 

Cross,  Frank  L.,  March,  igog. 

General  Manager,  Madison  Gas  &  Electric  Company,  1020  Sher- 
man Avenue,  Madison,  Wisconsin, 

Cross,  Phiup.  October,  igod 

Superintendent,  New  Business  Department,  Fuel  Appliances, 
Consolidated  Gas  Company,  130  East  15th  Street,  New  York, 
New  York. 

CiiowEU.,  F,  B.,  October,  1906. 

Consulting  and  Contracting  Engineer,  1020  Fourth  National  Bank 
Building,  Atlanta,  Georgia. 

Crowley,  John  P.,  October,  1906. 

Secretary  and  Treasurer,  St.  Paul  Gas  Light  Company,  St,  Paul, 
Minnesota. 

Crump,  Ralph  Lee,  September,  1912. 

Consulting  Engineer,   with   Ford,    Bacon   &  Davis,  921    Canal 
■  Street,  New  Orleans,  Louisiana. 

Crutcher,  William  H.,  September,  1911. 

Superintendent,  Gas  Department,  Louisville  Gas  &  Electric  Com- 
pany, 311  West  Chestnut  Street,  Louisville,  Kentucky. 

CuRHAN,  G.  W.,  October,  1906. 

Secretary,  The  United  Gas  Improvement  Company,  Broad  and 
Arch  Streets,  Philadelphia,  Pennsylvania. 

Curtis,  George  W.,  September,  1907. 

Superintendent,  Camden  Coke  Works,  Gas  Department,  Cam- 
den, New  Jersey, 

Curtis,  Samuel  P.,  October,  1906. 

General  Manager,  American  Gas  Company,  West  Washington 
Square,  Philadelphia,  Pennsylvania. 

CusHMAN,  Charles  P.,  March,  1909. 

First  Vice-President,  Osaka  Gas  Company,  Limited,  Osaka, 
Japan. 

CusHMAN,  Geobge  Herbert,  September,  1908. 

Superintendent,  Electric  Department,  San  Antonio  Gas  &  Elec- 
tric Company,  504  Goliad  Street,  San  Antonio,  Texas. 

CuTCKEON,  Fredk.  Richard  M.,  March,  1913. 

General  Manager,  Consolidated  Gas  Company  o(  New  Jersey, 
176  Broadway,  Long  Branch,  New  Jersey. 

CuTCHEoN,  Max  H.,  March,  1913. 

Industrial  Gas  Engineer,  710  Union  Trust  Building,  Detroit, 
Michigan, 
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Dailv,  James  MArisoN,  March,  1913. 

General  Manager,  Pueblo  Gas  &  Fuel  Company,  514  Norlh  Main 

Street,  Pueblo,  Colorado. 
Dales,  James  Stewart,  October,  1906. 

Secretary,  Water,  Light  &   Power  Company,  Franklin,  Indiana. 
Dallas,  Robert  E.,  September,  1908. 

Assistant    Commercial    Agent,    The    United    Gas    Improvement 

Company,  1035  Market  Street,  Philadelphia,  Pennsylvania. 
Daly,  Aucustin  J.,  October,  igo6. 

Superintendent  City  District,  Laclede  Gas  Light  Company,  2655 

Adams  Street,  St.  Louis,  Missouri. 
Dalv,  Martin  B.,  October,  1906. 

President  and  General  Manager,  East  Ohio  Gas  Company,  1447 

East  6th  Street,  Cleveland,  Ohio. 
Danforth,  Byron  Hamilton,  March,  1913. 

General   Manager,   Indiana   Fuel  &  Light   Company,   Cedar  and 

pth  Streets,  Auburn,  Indiana. 
Dashiell,  p.  T.,  October,  1906. 

Assistant  Engineer  of  Works,  United  Gas  Improvement  Com- 
pany, 1 40 1  Arch  Street,  Philad'elphia,  Pennsylvania. 
Daucherty,  Geobge,  October,  1906. 

General  Manager,  Trumbull  Public  Service  Company,  409  Adams 

Street,  Warren,  Ohio. 
Davidson,  Edward  S.,  October,  1906, 

District  Manager,  Illinois  Northern  Utilities  Company,  DeKalb, 

Illinois. 
Davihs,  Edward  Livingston,  September,  1912. 

Gas   Superintendent,    Queens    Boro   Gas   &    Electric   Company. 

Far  Rockaway,  Long  Island,  New  York. 
Davies,  H.  W.,  October,  1906. 

Superintendent.  Pintsch  Compressing  Company.  303  South  30th 

Street,  Philadelphia,  Pennsylvania. 
Davies,  James  E..  September,  1908. 

Division  Superintendent  and  Manager,  Calumet  Division,  Peoples 

Gas  Light  &  Coke  Company,  9051  Commercial  Avenue,  Chicago, 

Illinois. 
Davis,  Albert  G.,  March,  1911. 

Chief    Chemist,    Consolidated    Gas    Company,    435   (ilh    Avenue, 

Pittsburgh.  Pennsylvania. 
Davis.  Ernest  H..  October,  1906. 

Treasurer,  Northern  Central  Gas  Company,  Lewistown,  Pennsyl- 
vania, West  and  Willow  Streets.  Williamsport.  Pennsylvania. 
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Davis.  George  H.,  September,  1912. 

Member  of  firm  Ford,  Bacon  &  Davis,  Engineers,  921  Canal 
Street,  New  Orleans,  Louisiana. 

Davis,  R.  N.,  March,  1907. 

Assistant  Superintendent,  care  Peoples  Gas  Light  &  Coke  Com- 
pany, 132  South  Michigan  Avenue,  Chicago,  Illinois. 

Dawes,  RuFus  C,  October,  1906, 

President,  Mobile  (Alabama)  Gas  Company,  iii  West  Monroe 
Street,  Chicago,  Illinois. 

Day,  Addison  Bx^nchard,  March,  1913. 

Manager  of  Operation,  Los  Angeles  Gas  &  Electric  Corporation, 
645  South  Hill  Street,  Los  Angeles,  California. 

Dav,  C.  L..  October,  1906. 

General  Superintendent,  Street  and  Meter  Department,  Peoples 
Gas  Light  &  Coke  Company,  122  South  Michigan  Avenue, 
Chicago,  Illinois. 

DE  Castbo,  Joseph  L-,  September,  1911. 

Assistant  Superintendent,  Consolidated  Gas  Company,  foot  of 
East  115th  Street.  New  York,  New  York. 

DF.FltEiTAs.  WaLTAu.  March,  1910. 

Assistant  Superintendent,  General  Fuel  Appliance  Department, 
Consolidated  Gas  Company,  130  East  15th  Street.  New  York, 
New  York. 

Deix,  John.  October,  igo6. 

President,  Missouri  Fire  Brick  Company,  411  Olive  Street,  St. 
Louis,  Missouri.  1 

DeLong,  James  C,  September,  1908. 

President,  Syracuse  Lighting  Company,  335  South  Warren  Street, 
Syracuse,  New  York, 

De  Voe,  RiEDEBicK  R.,  March,  1913. 

Secretary  and  Treasurer,  Northern  Union  Gas  Company,  1815 
Webster  Avenue,  Bronx,  New  York,  New  York. 

Dewey,  V.  F.,  October,  1906. 

General  Manager,  Detroit  City  Gas  Company,  Gas  Office  Build- 
ing, Detroit,  Michigan. 

Dexter.  MacDoucald,  October,  1906. 

Superintendent,  Gas  Light  Company  of  Columbus,  1151  Broad 
Street,  Columbus,  Geor^a. 

Dickey,  Chau.es  H.,  October,  1906. 

Charles  H.  Dickey  &  Company,  Baltimore,  Maryland. 

Dickey,  E.  D,  V.,  March,  1909. 

Manager,  Freeport  Gas  Company,  156  Stephenson  Street,  Free- 
port,  Illinois. 
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Dickey,  Samuel  J.,  March,  1908, 

Engineer,  Gas  Department,  Syracuse  Lighting  Company,  335 
South  Warren  Street,  Syracuse,  New  York. 

DiETfiBLE,  Edwa«d  a.,  March,  1908. 

Chemist,  Seattle  Lighting  Company,  Seattle,  Washington. 

DuxoN,  Harsy  J.,  September,  1911. 

Superintendent,  Brooklyn  Borough  Gas  Company,  Coney  Island, 
New  York. 

Dixon.  J,  AlFked,  October,  1906. 

Vice-President  and  Manager,  Pintsch  Compressing  Company, 
2  Rector  Street,  New  York,  New  York. 

Dixon,  R.  M.,  October,  1906. 

Vice-President,  Pintsch  Compressing  Company,  a  Rector  Street, 
New  York,  New  York. 

Doane,  Geobge  W.,  September,  igio. 

President,  New  Amsterdam  Gas  Company,  22  East  32d  Street, 
New  York,  New  York. 

DoDD,  William  S.,  October,  igo6. 

Assistant  Treasurer,  Laclede  Gas  Ught  Company,  Iith  and  Olive 
Streets,  St.  Louis,  Missouri. 

DoHERTY,  Henry  L.,  October,  igo6. 

Chairman  of  Board,  Denver  Gas  &  Electric  Light  Company, 
60  Wall  Street,  New  York,  New  York. 

Dole,  Walter  S.,  October,  igo6. 

Consulting  Engineer,  Santa  Monica  Water  Company,  1400  Sec- 
ond Street,  Santa  Monica,  California. 

Dou-EY,  GeoBCE  M.,  October,  1906. 

Manager,  Indiana  Lighting  Company,  Logansport,  Indiana. 

Donahue,  E.  J.,  October,  igo6. 

Engineer,  Hudson  Division,  Public  Service  Gas  Company,  St. 
Paul  and  St.  James  Avenues,  Jersey  City,  New  Jersey. 

DoKNEB.  WiLUAM  F.,  October,  1906. 

Superintendent,  asth  Ward  Gas  Works,  United  Gas  Improve- 
ment Company,  Richmond  and  Tioga  Streets,  Philadelphia, 
Pennsylvania. 

Dorr,  William  J.,  September,  1907. 

Superintendent  of  Gas  Distribution,  Los  Angeles  Gas  &  Elec- 
tric Corporation,  645  South  Hill  Street,  Los  Angeles,  California. 

Doty,  Paul,  October,  1906. 

Vice-President  and  General  Manager,  St.  Paul  Gas  Light  Com- 
pany, 159  East  Sixth  Street,  St.  Paul,  Minnesota. 

Dougherty,  BemjAimin  R.,  October,  1906. 

Superintendent,  Richmond  Water  &  Light  Company,  Richmond, 
Kentucky. 
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DouGUS,  Henry  W.,  October,  1906. 

Manager,  Ana  Arbor  Gai  Company,  211   East  Huron  Street, 
Ann  Arbor,  Michigan. 

Doucws,  Jaues  B.,  September,  1909. 

Manager,   Claim   Department,  United   Gai  Improvement   Com- 
pany, 1401  Arch  Si  reel,  Philadelphia,  Pennsylvania. 

DouTHner,  W.  F.,  October,  1906. 

Fourth  Vice-President,  The  United  Gas  Improvement  Company, 
Broad  and  Arch  Streets,  Philadelphia,  Pennsylvania. 

Down,  Fkedekick  J.,  March,  1910. 

Superintendent,  42d  Street  Station,  Consolidated  Gas  Company, 
Foot  West  42A  Street,  New  York,  New  York. 

Downey,  Jaubs  N.,  September,  1907. 

Assistant  Superintendent,  Camden  Coke  Company,  Camden,  New 
Jersey- 

DuDLEY,  A.  D.,  March,  1908. 

New  Business  Agent,   Syracuse  Lighting  Company,   Syracuse, 
New  York. 

DuCGAN,  Fkank  p.,  March,  191 1. 

Superintendent,  Gas  Department,  Penn  Central  Light  &  Power 
Company,  31  West  Market  Street,  Lewistown,  Pennsylvania. 

DuNBAS,  C.  H.,  March,  1909. 

Post  Office  Box  51;,  Elgin,  Illinois. 

Dunbar,  Jakes  W.,  October,  1906. 

Superintendent,  United  Gas  &  Electric  Company,  138  E.  Spring 
Street,  New  Albany,  Indiana. 

Duncan,  Ronald  Bkuce,  September,  1911. 

Superintendent,  Spring  Garden  District,  United  Gas  Improve- 
ment Company,  1615  North  9lh  Street,  Philadelphia,  Pennsyl- 

DuNN,  F.  S..  October,  1906. 

Engineer,    Municipal   Gas    Company,    1131    Broadway,    Albany, 

New  York. 
Dunne,  Philip,  October,  igo6. 

Ni^t  Superintendent,  Consolidated  Gas  Company  ot  New  York, 

558  West  170th  Street,  New  York,  New  York. 
Dukxee,  Chaxi.es  C,  September,  1909. 

Superintendent,  Pueblo  Gas  &  Fuel  Company,  811  West  i8th 

Street,  Pueblo,  Colorado. 
Dusenbcbby,  James  P.,  September,  1907. 

Treasurer,    Public    Service    Gas    Company,    763    Broad    Street, 

Newark,  New  Jersey. 
DusiiN,  Guv  K.,  October,  1906. 

48  Macon  Street,  Brooklyn,  N.  Y. 
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DuTTER,  H.  O..  October,  igo& 

Manager,  Bucyrus  Teiephone  Company,  Bucyrus,  Ohio. 
DuTTON,  Lewis  R.,  October.  rgo6. 

Division  Manager,  Jenkintown  District,  Philadelphia  Suburban 

Gas  &  Electric  Company,  Wyncote,  Pennsylvania. 
DuTToN,  R.  H.,  October,  1906. 

19  West  Union  Street,  West  Chester,  Pennsylvania. 
Earnshaw,  Edwabd  H.,  October,  1906. 

Assistant  General  Manager,  Public  Service  Gas  Company,  759 

Broad  Street,  Newark,  New  Jersey. 
Eaton,  Alfred  B.,  October,  1906. 

Vice-President,   Sheboygan  Gas  Light  Company,    1519  Peoples 

Gas  Building,  Chicago,  Illinois. 
Eaton,  Houeb  M.,  March.  1910. 

Manager,  Flint  Gas  Company,  Flint,  Michigan. 
Eaton,  Jaues  B.,  March,  igo?. 

Purchasing    Agent,     Rochester    Railway    &    Light    Company, 

34  Clinton  Avenue,  North,  Rochester,  New  York. 
Eaton,  W.  M.,  October,  1906. 

Director,  Michigan  Light  Company,   Hodenpyl,   Hardy  &  Com- 
pany, 1128  Fourth  Street,  Jackson,  Michigan. 
Eavenson,  WiixtAM  K..  October,  1906. 

Special    Representative,    Industrial    Gas   Appliance    Laboratory, 

Consolidated  Gas  Company,  376  2d  Avenue,  New  York,  New 

York. 
ECNEit,  FltEDERic,  October.  1906. 

General  Consulting  Gas  Engineer,  516  Quincy  Street,   N.  W., 

Washington,  District  of  Columbia. 
EiLBECK,  A.  B.,  October,  1906. 

With  H.  L.  Doherty  &  Company,  60  Wall  Street.  New  York, 

New  York. 
Einstein,  A.  C„  March,  1908. 

Vice-President  and  General   Manager,   St.  Louis   County  Gas 

Company,  315  North  12th  Street,  St.  Louis.  Missouri.- 
Elbebt,  V.  L.,  October,  1906. 

General   Manager,  St.  Joseph  Gas  Company,  8th  and  Francis 

Streets,  St.  Joseph,  Missouri. 
Ei.DeR,  David,  September,  1907. 

Assistant  Superintendent,  Coal    Products  Manufacturing  Com- 
pany, 2rs  Cass  Street,  Joliet,  Illinois. 
Elliott,  Ahthus  H„  October,  1906. 

Consulting   Engineer-Chemist,    Consolidated    Gas    Company    of 

New  York,  49  Whitestone  Avenue,  Flushing,  New  York, 
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ELtiOTT,  LaRue  6.,  September,  igoS. 

Division  Superintendent,  North  Division  Street  Department, 
Peoples  Gas  Light  &  Coke  Company,  122  South  Michigan  Ave- 
nue, Chicago,  Illinois. 

E14.TS,  Hamy,  September,  1907. 

Superintendent  of  Distribution,  Public  Service  Gas  Company, 
Front  and  Cherry  Streets,  Camden,  New  Jersey, 

Eij,is,  John  W.,  October,  1906. 

President  and  Manager,  Providence  Gas  Company,  20  Market 
Square,  Providence,  Rhode  Island. 

Elston,  I.  C,  Ji.,  October,  1906. 

Elston,  Clifford  &  Company,  707  New  York  Ufc  Building, 
39  South  LaSalle  Street,  Chicago,  Illinois. 

Ely,  Franklin  J..  March,  1908. 

Purchasing  Agent,  Peoples  Gas  Light  &  Coke  Company,  Peoples 
Gas  Building,  Chicago,  Illinois. 

Ely,  Seth  Harrison,  March,  1908. 

General  Manager,  Dover,  Rockaway  &  Port  Oram  Gas  Com- 
pany, 62  Richards  Avenue,  Dover,  New  Jersey. 

Engel,  Fhancis,  October,  igo6. 

Superintendent,  Elizabethtown  Gas  Light  Company,  Elizabeth, 
New  Jersey. 

English,  A.  L.,  October,  igo6. 

Manager,  Citizens  Gas  &  Electric  Company,  26  Pearl  Street, 
Council  Bluffs,  Iowa. 

Enricht,  J.  H.,  October,  1906. 

Manager,  Frederick  Gas  &  Electric  Company,  Frederick,  Mary- 
land. 

EsTBERG,  Howard  C,  September,  1911. 

Manager,  Greeley  Gas  &  Fuel  Company,  Greeley,  Colorado. 

Eustace,  E.  W.,  October,  1906. 

With  Key  City  Gas  Company,  Dubuque,  Iowa. 

Eustace,  John  H.,  October,  1906. 

Engineer,  Peoples  Gas  Light  Si  Coke  Company,  122  South  Michi- 
gan Avenue,  Chicago,  Illinois. 

Evans,  Charles  D.,  March,  1911. 

Division  Superintendent,  Philadelphia  Company,  435  6th  Avenue, 
Pittsburgh,  Pennsylvania. 

Evans,  Charles  H.,  October,  1906. 

Consulting  and  Contracting  Engineer,  538  Postal  Telegraph 
Building,  Chicago,  Illinois. 

Evans,  George  B.,  October,  1906. 

Laclede  Gas  Light  Company,  nth  and  Olive  Streets,  St.  Louis, 
Missouri. 
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Evans,  Owen  Brooke,  September,  1907. 

Superintendent,  Experimental  Plant,   United  Gas  Improvement 

Company,  1 401  Arch  Street,  Philadelphia,  Pennsylvania. 
Eves,  Philmek,  September,  1907. 

Sales  Agent,  The  Indianapolis  Gas  Company,  49  South  Pennsyl- 
vania Street,  Indianapolis,  Indiana. 
EwiKc,  Alonzo  Prentiss,  March,  1913. 

.\ssistanl   General    Manager,    Detroit   City   Gas   Company,  Gaa 

Office  Building,  Detroit,  Michigan. 
EvuAN.  Charles  M.,  March,  1912. 

Manager,  Boise  Gas  Light  &  Coke  Company,  Boise,  Idaho. 
Eysenbach,  E.  E.,  October,  1906. 

General  Manager,  San  Antonio  Gas  &  Electric  Company,  San 

.Antonio,  Texas. 
Fair,  CAtiraEU.  W.,  October,  1906. 

President  and  Manager,  Webster  City  Gas  Company,  Webster 

City,  Iowa. 
Fancmer,  NATHANtEi,  C,  March,  1910. 

Superintendent    of    Manufacture,    Seattle    Lighting    Company, 

Seattle,  Washington. 
Farr,  Albert  L.,  October,  1906. 

Engineering  Department,  Peoples  Gas  Light  &  Coke  Company, 

122  South  Michigan  .\venue,  Chicago,  Illinois. 
Fekgisok,  B.  B.,  October,  1906. 

Superintendent,  Portsmouth  Gas  Company,  Box  39.  Portsmouth, 

Virginia. 
Ferrier,  Jaues,  October,  igo6. 

President.   Rome   Municipal   Gas   Company,   42a  Broad   Street, 

Home,  Georgia. 
Ferris,  H.  H.,  October,  1906. 

Engineer  of    Manufacture,   Public   Service  Gas   Company,  446 

Market  Street,  Newark,  New  Jersey. 
Field,  Roy  Albbichi,  October,  1906. 

Vice-President  and  General  Manager,  Kentucky  Public  Service 

Company,  Inc.,  Hopkinsville,  Kentucky. 
Fisher,  David  G.,  October,  1906. 

Superintendent,    Central    Illinois    Light    Company,    316    South 

Jefferson  Street,  Peoria,  Illinois. 
Fisher,  Howell,  March,  1911. 

Assistant  Superintendent,   New  England   Gas  &  Coke  Company, 

Everett,  Massachusetts. 
FiTz,  Robert  I-.,  October,  1906. 

Consulting  Engineer,  Post  Office  Box  275,  Los  .\ngeles,  Cali- 
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Superintendent,  Gas  &  Electric  Department,  Gary  Heal,  Light  & 

Water  Company,  Broad  and  Fifth  Avenue,  Gary,  Indiana. 
Fi,ooK,  W1U.IAK  M.,  March,  igo8. 

Assistant  Secretary,    Peoples  Gas  Light  &  Coke  Company  of 

Chicago,  Illinois,  54  Wall  Street,  New  York,  New  York. 
Floweks,  Dean  Wucox,  September,  1907. 

General  Superintendent,  St.  Paul  Gas  Light  Company,  6th  and 

Jackson  Streets,  St.  Paul,  Minnesota. 
Fuovu.  James  R.,  October,  1906. 

-Assistant  Treasurer,  International  Agricultural  Corporation,  165 

Broadway,  New  York,  New  York. 
Fooc,  OscAK  H.,  October,  1906. 

Engineer  of   Utilization,   Consolidated   Gas  Company  of    New 

York,  J24  East  15th  Street,  New  York,  New  York. 
F01.GER.  Oliver  H.,  September,  1912. 

.Assistant    Superintendent   of    Distribution,    Public    Service    Gas 

Company,  40  Columbia  Avenue,  Passaic,  New  Jersey. 
FuLSOM.  Robert  Morse,  September,  1911. 

Second  Assistant  Superintendent,  New   England   Gas  &  Coke 

Company,  Everett,  Massachusells. 
Ford,  A.  H.,  October,  igo6. 

President,    Birmingham    Railway,    Light    &    Power    Company, 

Birmingham,  Alabama. 
FoRSTALL,  Alfred  E.,  October,  1906. 

Consulting  Engineer,  Secretary  Trustees  Gas  Educational  Fund, 

84  William  Street,  New  York,  New  York. 
FoRSTAU,,  Walton,  October,  igo6, 

.Assistant    Engineer    of    Distribution,    Philadelphia    Gas    Works, 

United   Gas   Improvement   Company,    Broad   and   Arch   Streets, 

Philadelphia,  Pennsylvania. 
FoSHAY.  W.  B.,  September,  1911. 

Manager,  Northwestern  Electric  Co.,  Portland,  Oregon. 
Fowler,  Samuel  J.,  October,  1906. 

Treasurer  and   .Agent,   Charlestown   Gas  &   Electric   Company. 

2g  Main  Street.  Charlestown,  Massachusetts. 
Fox,  Clifford  S.,  Ociober,  1906. 

Superintendent,  East  River  Gas  Company,  Webster  Avenue  and 

East  River,  Long  Island  City,  New  York. 
Francis,  J.  Edward,  September,  1912. 

Superintendent,  Suffolk  Gas-Electric  Company,  Suffolk,  Virginia. 
Fhancklyn,  Chaslfs  G.,  March.  1911. 

General   Agent,  Central   Union  Gas  Company,  519  Courtlandi 

Avenue,  New  York.  New  York. 
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Fhancklvn.  Gilbert.  March,  1909. 

Engineer  of  Distribution,  Consolidated  Gas  Company  of  New 
York,  124  East  15th  Street,  New  York,  New  York. 

Fraszini,  Joseph  Behkard.  September,  1910, 

Superintendent,  Gas  Distribution  Department,  San  Antonio  Gas 
&  Electric  Company.  305  East   Houston   Street.   San  Antonio, 

FnAZEii,  Tl.  N..  October,  1906. 

Treasurer   and   General   Manager,   Battle   Creek   Gas   Company, 

26  East  Main  Street,  Battle  Creek,  Michigan. 
Freeman,  Fredekick  Charles,  September,  1910. 

Engineer,  The  United  Gas  Improvement  Company,   1401   Arch 

Street,   Philadelphia.   Pennsylvania. 
FreesB,  Fred.  W,.  October,  igo6. 

Gas  Engineer,  Fort  Wayne,  Indiana. 
French.  Charles  S.,  September,  1910. 

Secretary  and  Treasurer,  Galveston  Gas  Company,  Galveston, 

Texas. 
Frick,  John  A..  Octol>cr,  1906. 

Superintendent,  Ailentown  Gas  Company,  516  Hamilton  Street, 

Allen  town,   Pennsylvania. 
Frueai'FF.  Frank  W..  October,  1906, 

President,  Denver  Gas  &  Electric  Light  Company,  H.  L.  Doherty 

&  Company,  60  Wall  Street.  New  York,  New  York. 
Frueacff,  Harry  D.,  March,  1910. 

Treasurer  and   General   Manager,   City   Light  &  Traction  Com- 
pany, 404  South  Ohio  Street,  Sedalia,  Missouri. 
FuLWEiLFJi,  WalTeiR  Herbert.  September,  1907. 

Chemist,  United   Gas  Improvement   Company,   Broad  and   Arch 

Streets,  Philadelphia,  Pennsylvania. 
Furlong,  William  G.,  March,  1911. 

Office    Manager,    Municipal    Gas    Company,    112    State    Street, 

Albany,  New  York. 
Gadsoen,  p.  H.,  March,  1911, 

President,    Charleston   Consolidated   Railway   &   Lighting   Com- 
pany, Charleston,  South  Carolina. 
Gau/jway,  Edward  William,  March,  1913. 

Assistant  Engineer,  Gas  Department,  Illinois   Northern   Utilities 

Company,  Dixon,  Illinois. 
Galt,  James  Henry,  September,  1913. 

Superintendent  of  Works  and   Distribution,  Public  Service  Gas 

Company,  147  East  Hanover  Street.  Trenton,  New  Jersey. 
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Gannon,  John  J.,  October,  i<)o6. 

Superintendent  and  Agent,  Vicksburg  Gas  Company,  Post  Office 

Box  258,  Vicksburg,  Mississippi. 
Ganseb,  Hekbent  H.,  October,  igo6. 

Manager,  Counties  Gas  &  Electric  Company,  312  DeKalb  Street, 

Norristown,  Pennsylvania. 
Ganz,  Albert  Fkedekick,  September,  1913. 

Consulting    Engineer;     Professor    of     Electrical    Engineering, 

Stevens  Institute  of  Technology,  Hoboken,  New  Jersey. 
Gartland,  C.  C,  October,  1906. 

4082  East  ;6ih  Street,  Cleveland,  Ohio. 
Gastley,  William  H.,  October,  1906. 

Engineer  of  Philadelphia  Gas  Works,  United  Gas  Improvement 

Company,  1401  Arch  Street,  Philadelphia,  Pennsylvania. 
G.wiT,  E.  P.,  October,  1906. 

Secretary   and   Treasurer,    Municipal    Gas   Company,    1 12    State 

Street,  Albany,  New  York. 
Gawthy,  Lewis  B.,  September,  1908. 

Vice-President,  Consolidated  Gas  Company  of   New  York,  70 

East  SSlh  Street,  New  York,  New  York, 
Gefvebt,  Charles  j.,  September,   1910. 

Engineer's  Assistant,  Consolidated  Gas  Company,  124  East  i5tb 

Street,  New  York,  New  York. 
Geist,  CAHLroN,  March,  1912. 

General  Manager,  Atlantic  City  Gas  Co.,  aooi  Atlantic  Avenue, 

Atlantic  City,  New  Jersey. 
Geist,  Clarence  H.,  March,  1912. 

President,  Atlantic  City  Gas  Company,  1127  Land  Title  Building, 

Philadelphia,  Pennsylvania. 
Genav,  Thouas  Bertram,  October.  1906. 

Superintendent  of   Manufacturing,  Des  Moines  Gas  Company, 

412  West  7th  Street,  Des  Moines,  Iowa, 
Genav,  Thomas  S.,  October,  1906, 

Chief  Clerk,  Second   Vice-President's  Department,  United  Gas 

Improvement  Company,  1401   Arch  Street,  Philadelphia,  Penn- 
sylvania. 
Gektbv,  R.  Garland,  October,  1906, 

General  Salesman,  Denver  Gas  &  Electric  Company,  900  15th 

Street,  Denver,  Colorado. 
Gerdenier,  C.  M.,  March,  1909. 

Superintendent,  Bridgeport  Gas  Light  Company,  174  Arch  Street, 

Bridgeport,  Connecticut, 
Gerould,  Charles  L-.  October,  1906. 

Care  of  E,  H.  Bliss,  Pepperell,  Massachusetts, 
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Gibbons,  P.  H„  October,  1906. 

Northern  Liberties  Gas  Co.,  935  North  48th  Street,  Philadelphia, 

Pennsylvania. 
GiFPtam,  N.  W.,  October,  1906. 

General  Manager,  East  Boston  Gas  Company,  26  Central  Square, 

East  Boston,  Massachusetts. 
GiLLETT.  Melville,  October,  1906. 

Director,  Gas  Companies,  Newark,  Ohio. 
G1LLINGHAU,  Hubert  D,,  October,  1906. 

Assistant   Sales    Manager,    Public    Service   Gas    Company,   759 

Broad  Street,  Newark,  New  Jersey. 
Gilpin,  Francis  Hopkinson,  September,  1907. 

Gas  Engineer,   United  Gas  Improvement  Company,  3101    Pas- 

syunk  Avenue,  Philadelphia,  Pennsylvania. 
GiNLEY,  John,  September,  1908. 

Superintendent,  Peoples  Gas  Light  &  Coke  Company,  122  South 

Michigan  Avenue,  Chicago.  Illinois. 
Glasgow,  Amhur  Grahau,  October,  1906. 

Humphreys    &    Glasgow,    36   Victoria    Street,    London,    S.    \\'., 

England. 
Glass,  Sheldon  J.,  October,  1906. 

Vice-President,  Milwaukee  Gas  Light  Company,  18^  Wisconsin 

Street,  Milwaukee,  Wisconsin. 
Golden,  John  W.,  October.  1906. 

\' ice- President,    Savannah    Gas    Company,    9    Congress    Street, 

West,  Savannah,  Georgia. 
GooDNOw,  George  F.,  October,  1906. 

General    Manager,     North     Shore    Gas    Company,     Waukegan, 

Illinois, 
Gordon.  LeRoy  O.,  March,  1913. 

Manager,  Valparaiso  Lighting  Company,  152  West  Main  Street, 

Valparaiso,  Indiana. 
GoL-DY,  W.  R.,  October,  1906. 

With  Williamson  &  Mead,  79  Wall   Street.  New   York,  New 

York. 
Goi.-LD,  John  A,.  October,  1906. 

Engineer  of  Distribution,   Boston  Consolidated  Gas  Company, 

24  West  Street,  Boston,  Massachusetts. 
Gould,  Vernon  K.,  October,  1906. 

Milo,  Maine. 
GraePF,  Harold  W.,  October,  1906. 

1513  North  Thirty-lhird  Street,   Philadelphia,   Pennsylvania. 
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Graf,  Cam.  H.,  October,  1906. 

General  Manager,  The  Indianapolis  Gas  Company,  Broadway  and 

13th  Street,  Indianapolis,  Indiana. 
Grarah,  Aixan  5.,  September,  1908. 

Superintendent,  Gas  Departmenl,  Northern  Indiana  Gas  &  Elec- 

trie  Company,  Hammond,  Indiana. 
Grahah,  Malcolu  M.,  October,  1906. 

Secretary  and  Treasurer,  New  Amsterdam   Gas   Company,  22 

East  Twenty-second  Street.  New  York,  New  York. 
Grant,  Robert,  September,  1907. 

Treasurer,  Boston  Consolidated  Gas  Company,  24  West  Street, 

Boston,  Massachusetts. 
Greacen,  W.,  Jr.,  September,  1907. 

Agent,   Public  Service  Gas  Company,  538  Washington    Street, 

Hoboken  New  Jersey. 
Grey,  John  Chester,  September,  1908. 

Superintendent,    Savannah    Gas    Company,    g   Congress    Street, 

West,  Savannah,  Georgia. 
Gribbel,  John,  October,  1906. 

President,   Tampa    (Florida)    Gas   Company,    1513   Race   Street, 

Philadelphia,  Pennsylvania. 
Griffin,  John  F.,  March,  1907. 

Marnier,  Oskaloosa  Light  &  Power  Company,  316  High  Avenue, 

West,  Oskaloosa,  Iowa. 
Griswold,  R.  G.,  October,  1906. 

Gas  Engineer,  with  H.  L-  Doheriy  &  Company,  60  Wall  Street, 

New  York,  New  York. 
Gbuber,  Charles  A.,  September,  1912. 

Manager,  Saranac  Lake  Gas  Company,  20  Main  Street,  Saranac 

Lake,  New  York. 
GuFFEY,  Joseph  F.,  October,  1906. 

General  Manager,  The  Philadelphia  Company,  435  Sixth  .\venue, 

Pittsburgh,  Pennsylvania. 
GuLDUN,  Clap  N.,  October,  1906. 

President,   Western   Gas   Construction   Company,   2306   Fairlield 

Avenue,  Fort  Wayne,  Indiana. 
Haac.  F.  E.,  March,  1909. 

Auditor,  Williamsport  (Pa.)  Gas  Company,  H.  D.  Walbridge  & 

Company,  14  Wall  Street,  New  York,  New  York. 
Haase,  Ewald,  October,  1906. 

Secretary  and  Treasurer,   Milwaukee   Gas   Light   Company,   1S2 

Wisconsin  Street.  Milwaukee.  Wis. 
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Hackstavf,  John  Dudley,  September,  1913. 

Consulting  Engineer,  Harwich   Port,  Massachusetts. 
Haddock,  Isaac  T.,  September,  1913. 

Chemist  for  Cambridge  Gas  I,ighe  Company,  354  Third  Street, 

East  Cambridge,  Massachusetts. 
Haftenkamp,  Joseph   P,,  September,  1907. 

Assistant  Superintendent,  Rochester  Railway  &  Light  Company, 

34  Clinton  Avenue,  North,  Rochester,  New  York. 
Haight,  Theodore,  March,  1911. 

Superintendent,  Equity  Works,  Brooklyn  Union  Gas  Company, 

Foot  North  12th  Street,  Brooklyn,  New  York. 
Haines,  Jansen,  October,  1906. 

Manager,  Des  Moines  Gas  Company,  412  West  7th  Street,  Des 

Moines,  Iowa. 
Hall,  A.  H.,  October,  1906. 

Assistant  Secretary  and  Superintendent  of  Distribution,  Central 

Union  Gas  Company,  519  Courtlandt  Avenue,  New  York,  New 

York. 
Hall,  Elmon  L.,  September,  1912. 

Chief  Engineer,  Portland  Gas  &  Coke  Company,  5o6J4  Weidler 

Street.  Portland,  Oregon. 
Halsev,  Willcau:  M.,  March,   1909. 

Chief   Clerk,    Public   Service  Gas  Company,   Gas  and    Electric 

Departments,  759  Broad  Street,  Newark,  New  Jersey. 
Hammatt,  Clarence  S.,  October,  1906. 

Consulting  Engineer,  1943  Main  Street,  Jacksonville,  Florida. 
Haumon,  William  H.,  October,  1906. 

President,  Hope  Engineering  &  Supply  Company,  903  Farmers 

Bank  Building,  Pittsburgh,  Pennsylvania. 
Haumond,  WiLBEB  M.  R.,  March,  1912. 

Comptroller,  New  York  &  Richmond  Gas  Company,  694  Bay 

Street,  Stapleton,  Slaten  Island,  New  York. 
Hanlan,  J.  P.,  September,  1907. 

Agent,  New  Business  Department,  Public  Service  Gas  Company, 

Post  Office  Box  590.  Newark,  New  Jersey. 
Hantzmon,  H.  M.,  October,  1906. 

Superintendent,  City  Gas  Department,  Charlolteville,  Virginia. 
Hasdick,  CuablEs  F.,  October,  1906. 

District   Superintendent  and   Agent,    United   Gas  Improvement 

Company,  5961  Ridge  Avenue,  Philadelphia,  Pennsylvania. 
Hare,  C.  Willing,  September,  1908. 

Manager,  New  Business  Department,  The  United  Gas  Improve- 
ment Company,  1401   .\rch  Street,  Philadelphia,  Pennsylvania. 
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Hare,  Joseph  B..  March,  1913. 

Assistant  Superinlenden!,   Mains  and   Services,   Central  Union 
Gas  Company,  519  Courtlandt  Avenue.  New  York,  Nev^  York. 

Hargreaves,  Robert  H.,  September,  1912. 

Superintendent,  San  Jose  Gas  Works,  Pacific  Gaa  &  Electric 
Company,   Second  and   Antonio  Streets,  San  Jose,  California. 

Harlow,  Justin  Edwards,  March,  1913. 

Construction    Engineer,    Illinois    Northern     Utilities    Company, 
806  3rd  Street,  Dixon,  Illinois. 

Harper,  Robert  Brintok,  March,  igo8. 

Superintendent  of  Testing  Laboratories,  Peoples  Gas  Light  and 
Coke  Company,  2501   Salt  Street,  Chicago,  Illinois. 

Harries,  George  Herbert,  September,  1912. 

President,  Louisville  Gas  &  Electric  Company,  311  West  Chestnut 
Street,  Louisville,  Kentucky. 

Harriuan,  Horace  Marshau.,  March.  1908. 

General  Superintendent,  New  Orleans  Gas  Light  Company,  201 
Baronne  Street,  New  Orleans,  Louisiana. 

Harrington,  A.  S.,  October,  1906. 

Superintendent  of  Construction,  Peoples  Gas  Light  &  Coke  Com- 
pany. Division  Street  and  Elston  Avenue,  Chicago.  Illinois. 

Harrington,  Walter  K.,  September,  1908. 

Manager,  The  American  Meter  Company,  nth  Avenue  and  47th 
Street,  New  York,  New  York. 

Harrison.  George  Morton,  March,  1908. 

Special  work  on  replacement  valuations  of  gas  plants;  Engineer, 
Sioux  City  Gas  &  Electric  Company,  Sioux  City,  Iowa. 

Harrop,  H.  B.,  Dr.,  October,  1906. 

Manager,  Societe  Anonyme  du  Gaz,  Rio  de  Janeiro,  BraiiL 

Hart,  Julian  G.,  September,  1912. 

Assistant  Engineer,  Public  Service  Company  of  Northern  Illi- 
nois, 137  South  La  Salle  Street,  Chicago,  Illinois. 

Hartuan,  Williau  E..  October,  1906. 

Consulting  Engineer,  4923  Sheridan  Road,  Chicago,  Illinois. 

Haktzell,  a.  C,  October,  1906. 

Treasurer,    Greenville    Natural    Gas    Company,    Canal    Street, 
Greenville,   Pennsylvania. 

Hastings,  Frank  S.,  March,  igo8. 

President,  Indianapolis  Gas  Company,  80  Broadway,  New  York, 
New  York. 

Hathaway.  E.  C„  October,  1906. 

Vice-President    and   General    Manager,    City    Gas    Company   of 
Norfolk,  82  Plume  Street,  Norfolk,  Virginia. 


D.gnzed  by  Google 


746 

Hawthorne,  Williau  Jaues,  September,  1908. 

Superintendent,  Consolidated  Gas  Company,  Foot  West  44th 
Street  Station,  New  York.  New  York. 

Hayes,  Clikton  R.,  September,  igia. 

Manager,  Filchburg  Gas  &  Electric  Light  Company,  356  Uain 
Street,  Filchburg,  Massachusetts. 

Hkdces,  William   C,  October,  igod 

Secretary  and  Superintendent,  Mansfield  Gas  Light  Company, 
Mansfield,  Ohio. 

H ELLEN,  Fbank,  March,  1907. 

Superintendent,  Gas  Distribution  Department,  Rochester  Rail- 
way &  Light  Company,  34  Clinton  Avenue,  North.  Rochester, 
New  York. 

Hellkn.  John,  October,  1906. 

Superintendent  of  Distribution,  Grand  Rapids  Gas  Light  Com- 
pany, 109  North  Ottawa  Street,  Grand  Rapids.  Michigan. 

Helme,  William  E.,  October,  1906. 

Director  several  Gas  Companies,  1339  Cherry  Street,  Philadel- 
phia, Pennsylvania. 

Hetre,  George,  September,  1913. 

Civil  Engineer,  Engineer  and  Manager,  Nuneaton  Gas  Company, 
Nuneaton,  England. 

Heumincer.  George  Revebdev,  September,  igo8. 

Engineer  with  The  United  Gas  Improvement  Company,  Broad 
and  Arch  Streets,  Philadelphia,  Pennsylvania. 

Henderson,  Sauuel  W.,  September,  1912. 

Vice-President  and  General  Manager,  Water,  Gas  &  Electric 
Company,  Excelsior  Springs,  Missouri. 

Henderson,  Wilwam  M„  September,  1912. 

Assistant  Gas  Engineer,  Pacific  Gas  &  Electric  Company,  Oak- 
land, California. 

Henofer,  J.  P.,  March,  1909, 

Superintendent,  Hoboken  Gas  Works,  Hudson  Division,  Public 
Service  Gas  Company.  Halladay  and  Forest  Streets,  Jersey  City, 
New  Jersey. 

Hehinc,  Edward,   March,   1913. 

Engineer's  Assistant,  Consolidated  Gas  Company  of  New  York, 
124  East  15th  Street.  New  York,  New  York, 

Hewitt.  Arthur,  September.  1910. 

General  Manager.  Consumers  Gas  Company,  19  Toronto  Street, 
Toronto,  Ontario,  Canada. 

HcLLEMEYEH,  Joseph  E.,  March,  1910, 

Engineer,  St.  Louis  County  Gas  Company,  Lock  wood  and 
McClure  Avenues.  Webster  Groves.  Missouri. 
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Hitit,  \Viu,AHD  Foster,   September,   191 1. 

Chief  Gas  Engineer,  Pablic  Service  Commission  for  the  First 

District,  1S4  Nassau  Street.  New  York,  New  York. 
HiNMAN,  Charles  W.,  October.  1906. 

Chemical  Engineer,   Winchester,  Massachusetts. 
HiNTzE,  Thouas  F.,  September,  1913. 

Engineer's  Assistant,  Consolidated  Gas  Company,  124  East  15th 

street.  New  York,  New  York, 
HiRAMATSU.  SuYEKucHi.  Octobcr,  1906. 

Chief  Engineer,  Tokio  Gas  Company,  Nishikicho.  Kanda,  Tokio, 

HmsT,  Homes  T.,  Jr.,  September,  1910. 

Assistant   Superintendent,    North   Division,    Peoples  Gas   Light 
&  Coke  Company,  634  Hobbie  Street,  Chicago,  Illinois. 

Hirst,  Jesse  Bdwuan,  September,  1910, 

Superintendent  of  Pressures,  Peoples  Gas  Light  &  Coke  Com- 
pany, Peoples  Gas  Building.  Chicago,  Illinois. 

Hodges.  C.  H.,  March,  1909. 

Assistant  Superintendent,  Consolidated  Gas  Company  of   New 
York,  501  East  21st  Street.  New  York,  New  York. 

Hodgson,  Joseph  Ernest.  March,  1911. 

Manager,    Fulton   County  Gas   &   Electric    Company,    18   East 
Fulton  Street,  Gloversville,  New  York. 

Hoffman,  Howard,  October,  1906. 

Superintendent.  Gas  Department,  Counties  Gas  &  Electric  Com- 
pany, Ardmore,  Pennsylvania. 

HoFMANN,  G.  Max,  October,  1906. 

General  Superintendent,  Fort  Wayne  Gas  Company,  Fort  Wayne, 

HoFMANN,  LoTHAR,  October,  1906. 

Assistant  Engineer,  Fort  Wayne  Gas  Company,  2205  Broadway, 

Foft  Wayne,  Indiana. 
HoLDEN.  Thomas  F.,  October,  1906. 

Superintendent    of    Works,    Georgetown    Gas    Light    Company, 

218  Eighth  Street,  S.  W„  Washington,  District  of  Columbia. 
HoLMAN,  C.  L-.  October,  1906. 

President  and  General  Manager,  The  Laclede  Gas  Light  Com- 

pany,  nth  and  Olive  Streets,  St.  Louis,  Missouri. 
HoLZER,  Edwin  G.,  October,  1906. 

Superintendent,  Easton  Gas  &  Electric  Company,  ^49  Bushkill 

Street,  Easton,  Pennsylvania. 
Hone,  Frederic  deP.,  September,  1911. 

Consulting  Engineer,  i  Liberty  Street,  New  York,  New  York. 
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HoRNiNC.  Geokge  R..  September,  igo8. 

Manager,  Macon  Gas  Company,  Macon,  Georgia. 
Hough,  David  Leavitt,  October,  1906, 

President,  United  Engineering  &  Contracting  Company,  17  West 

42d  Street,  New  York,  New  York. 
Houghton,  Chaxles  P..  September,  1910. 

Second  Vice-President,  Los  Angeles  Gas  &  Electric  Corporation, 

645  South  Hill  Street,  Los  Angeles,  California. 
Howard,  Abhau  C,  October,  igo6. 

Gas   Engineer,    United   Gas   &   Electric    Corporation,   40  Wall 

Street,  New  York,  New  York. 
HowAKo,  Charles  A,,  September,  1906. 

President,'  Aberdeen  Gas  Company,  Aberdeen,  South  Dakota. 
Howland,  Lewis  A.,  March,  1910. 

General  Superintendent.  Queens  Borough  Gas  &  Electric  Com- 
pany, Far  Rockaway,  New  York. 
Hoy,  Chas.  W.,  March,  1908. 

Manager,  New  Jersey  Gas  Company,  Gtassboro,  New  Jersey. 
HoYT,  Habry  B.,  October,  1906. 

General  Manager,  Jacksonvill.:  Gas  Company,  Church  and  Laura 

Streets.  Jacksonville,  Florida. 
HoYT,  William  G.,  October,  1906. 

President,  The  Standard  Gas  Light  Company,  1328  Broadway, 

New  York,  New  York. 
HuBER,  Frank,   October,   1906. 

Manufacturing  Superintendent,  Louisville  Gas  &  Electric  Com- 
pany, Jackson  and  Washington  Streets,  Louisville.  Kentucky. 
HuDM-E,  WiLEv  Jerome,  March,  1913. 

Consulting  Gas   Engineer,   Commission   of   Wisconsin,   636  East 

Gorham  Street,  Madison,  Wisconsin. 
Hudson,  Dabwin  S.,  March,  1909. 

Field  Engineer.  Astoria  Light,  Heat  &  Power  Company,  Astoria, 

Long  Island,  New  York. 
Huestis,  Leon  David,  March,  1909. 

Superintendent  of  Construction,  Philadelphia  Suburban  Gas  & 

Electric  Company,  912  Highland  Avenue,  Chester,  Pennsylvania. 
Hulswit,  Frank  T.,  October,  1906. 

Director  Several  Gas  Companies,  Child,  Hulswit  Sc  Company, 

411    Michigan   Trust  Building,   Grand   Rapids,   Michigan. 
Hulswit,  John  A.,  March,   1912. 

Treasurer,  Grand  Rapids  Gas  Light  Company,  Pearl  and  Ottawa 

Streets,  Grand  Rapids.  Michigan. 
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,  Alexander  C„  October,  1906. 
President,  Buffalo  (N.  Y.)  Gas  Company,  and  President,  Hum- 
phreys &  Miller,  165  Broadway,  New  York,  New  York. 

Humphreys,  C,  J.  R.,  October,  1906. 

Vice-President  and  Agent,  Lawrence  Gas  Company,  370  Essex 
Street,  Lawrence,  Massachusetts. 

HuMPHiEvs,  Frank  Wilder,  March,  1911. 

In   charge   Gas    Appliance    Display    Rooms,    Consolidated    Gas 
Company.  30  East  42d  Street,  New  York,  New  York. 

Humphreys,  J.  J.,  October,  igo6. 

Engineer  and  General  Manager,  Louisville  Gas  Company,  311 
West  Chestnut  Street,  Louisville,  Kentucky. 

HuMPHRYS,   Henry   M.,  October,   IQ06. 

Superintendent,  West  Side  Works,  Milwaukee  Gas  Light  Com- 
pany, 182  Wisconsin  Street,  Milwaukee,  Wisconsin. 

Hunt,  H.  R.,  October,  1906. 

Division  Superintendent,  Peoples  Gas  Light  &  Coke  Company, 
25th  and  Loomis  Streets,  Chicago,  Illinois. 

Hunter,  Charles  Wesley,  September,  1910. 

Vice-President    and    General    Manager,    Ocala    Gas    Company, 
Ocala,  Florida. 

Hunter,  Chas.  W.,  September,  1909. 

Gas  Engineer,  with  Stone  &  Webster  Engineering  Corporation, 
147  Milk  Street,  Boston,  Massachusetts. 

Hunter,  J.  F.,  March,  1909. 

Assistant  Engineer  of  Construction,  Consolidated  Gas  Company 
of  New  York,  124  East  isth  Street,  New  York,  New  York. 

Hurlbuht,  a.,  October  1906. 

Engineer,  Kansas  City  Gas  Company,  910  Grand  Avenue,  Kansas 
City,  Missouri. 

Hutchincs,  James  T.,  September,  1907. 

General    Manager,    Rochester   Railway    &    Light    Company,    34 
Clinton  Avenue,  North,  Rochester,  New  York. 
''Hutchinson,  Frank  R.,  October,  1906. 

Care  of  East  Ohio  Gas  Company,  621  Superior  Avenue,  N.  E., 
Cleveland  Ohio. 

Hyde,  Edward  Bolton.  September,  T911. 

Superintendent,  Commercial  Department,  New  Amsterdam  Gas 
Company,  22  East  22d  Street,  New  York,  New  York. 

Hyde,  Henry  H.,  October,  1906. 

Engineer,  Belt  Gas  Company,  Deadwood,  South  Dakota. 

Ikena,  Frederick  J.,  September,  IQ12. 

Superintendent  of  Works,  Municipal  Gas  Company,  1131  Broad- 
way. Albany,  New  York. 
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Ives,  Hekbebt  E.,  March,  J913, 

Physicist,  The  United  Gas  Improvement  Company,  3101  Passyunk 
Avenue,  Philadelphia,  Pennsylvania. 

Jacobson,  Ernest,  September,  1910. 

Superintendent    of    Manufacture,    Northwestern    Gas    Light    & 
Power  Company,  115  Oak  Park  Avenue,  Oak  Park,  Illinois. 

J.vcKSoN,  Thomas  H.,  March,  igio. 

General  Agent,  Philadelphia  Gas  Works,  United  Gas  Improve- 
ment Company,  Broad  and  Arch  Streets.  Philadelphia,  Pennsyl- 

Jackson,  WiuiAM  B.,  October,  1906. 

Consulting  Engineer,  ill  West  Monroe  Street,  Chicago,  Illinois. 
James,  F.  M.,  October,  1906. 

General  Accountant,  Western  United  Gas  &  Electric  Company, 

Aurora,  Illinois. 
James,  Robert  C„  September,  1907. 

General  Auditor,  United  Gas  Improvement  Company,  1401  Arch 

Street,  Philadelphia,  Pennsylvania. 
Jardine,  David  William,  September,  1913. 

Assistant  Manager,   Burlington  Light  &  Power  Company,   Bur- 
lington, Vermont, 
Javne,  Ralph  A.,  March,  1913. 

Superintendent  of  Distribution,  Detroit  City  Gas  Company,  Gas 

Office  Building,  Detroit,  Michigan. 

JKLLIFFE,  C.  N.,  October,  1906. 

Secretary  and  Treasurer,  .\merican  Light  &  Traction  Company, 

40  Wall  Street,  New  York,  New  York. 
Jknks,  R.  J„  October,  1906. 

Superintendent,    Northwestern    Gas    Light    &    Coke    Company, 

1408  Benson  Avenue,  Evanston,  Illinois. 
Jennings,  Robt.  J.,  October,  1906. 

Superintendent,  Pelham  Works,  Westchester  Lighting  Company, 

Mt.  Vernon,  N.  Y. 
Johnson,  Aiolph  C.,  September,  1913. 

Assistant  Superintendent,  Consolidated  Gas  Company,  112  West 

42d  Street,  New  York,  New  York. 
Johnson,  Guy  Maxwell,  September.  191^. 

Engineer,  Nashville  Gas  &  Heating  Company,  611  Church  Street, 

Nashville,  Tennessee. 
Johnson,  Herdi^iit  Gilmore,  October,  1906. 

Superintendent  of  Manufacture,  Utica  Gas  &  Electric  Company, 

222  Genesee  Street.  L'tica,  New  York. 
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OHMSOK,  Oi^  Seaholm,  Seplember,  1913. 

Main  ForemaD,  St.  Paul  Gas  Light  &  Coke  Company,  6th  and 
Jackson  Streets,  St,  Paul,  Minnesota. 
OHNSToN,  Mervyn  E.,  October,  1906. 

Assistant  Secretary  and  Assistant  Treasurer,  Ogden  Gas  Com' 
pany.  The  Linde  Air  Products  Company,  42(J  Street  Building, 
New  York,  New  York. 

i,  Abthub  O.,  September,  1912. 

Engineer,  71  Himley  Road,  Dudley,  Worcestershire,  England. 
ONES,  Edward  C,  October,  igo6. 

Chief  Engineer,  Gas  Department,  Pacific  Gas  &  Electric  Com- 
pany, 445  Sutter  Street,  San  Francisco,  California. 

1,  Edwin  DubosE,  March,  191 3. 

General  Foreman,  Assistant  to  Superintendent,  Brooklyn  Union 
Gas  Company,  5th  and  Hoyt  Streets,  Brooklyn,  New  York. 

i,  Edwin  Peikce,  September,  191Z. 
Superintendent,   with   United   Gas   Improvement  Company,   1943 
South  Cecil  Street,  Philadelphia,  Pennsylvania. 
ONES,  Henry  Hauuson,  Seplanber,  1912. 

Vice-President  and  Manager,  San  Diego  Consolidated  Gas  & 
Electric  Company,  San  Diego,  California. 

i,  Paul  R.,  March,  1908. 
Auditor,  Henry  L.  Doherty  &  Con-pany,  60  Wall  Street.  New 
York,  New  York. 

1,  Thomas  Clive,  October,  1906. 
President,  Delaware  Gas  Company,  6  West  Winter  Street,  Dela- 
ware, Ohio. 

1,  Thouas  J.,  March,  1907.  . 

With  The  Columbus  Gas  &  Fuel  Company,  135  North  Front 
Street,  Columbus,  Ohio. 
[OUBDAN,  Edward  R.,  October,  1906. 

General  Superintendent  of  Mains  and  Services,  Consolidated  Gas 
Company,  124  East  15th  Street,  New  York,  New  York. 
[ouRDAN,  Jaues  H.,  October,  1906. 

Vice-President  and  Chief  Engineer,  Brooklyn  Union  Gas  Com- 
pany, 180  Remsen  Street,  Brooklyn,  New  York. 
Kahn,  Samuel,  March,  igio. 

General  Manager,  Tacoma  Gas  Company,  Tacoma,  W'ashington. 
Kaltwasser,  Charles  M.,  March,  1913. 

General  Manager,  Lockport  L.ight,  Heat  &  Power  Company, 
Lockport,  New  York. 
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Kane,  Joseph  P.,  March,  1907. 

Superintendent,  Westchester  Lighting  Company,  i^  North  Main 

Street,  Port  Chester,  New  York. 
Keal,  George  I.,  September,  1911. 

Superintendent  of  Construction,  Detroit  City  Gas  Company,  Gas 

Office  Building,  Detroit,  Michi^n. 
Keegak,  Chas.  F.,   September,   1908. 

Superintendent,  21st  Street  Station,  Consolidated  Gas  Company 

of  New  York,  501  East  zist  Street,  New  York,  New  York. 
Keene,  Mfhed  M.,  October,  1906. 

Comptroller,    Westchester   Lighting   Company,    ist    Avenue   and 

1st  Street,  Mount  Vernon,  New  York. 
KEJU.OH.  John,  March,   1907. 

Dominion  Tar  &  Ammonia  Company,  Ltd.,  2zo  Lister  Building, 

Hamilton,  Ontario,  Canada. 
Keller,  C.  M.,  October,  1906. 

Director,    Gas    Company,    31^    Washington    Street,    Columbus, 

Indiana. 
Keu-Kv,  William  D.,  September,  1912, 

General  Superintendent  of  Meters,  Consolidated  Gas  Company. 

J24  East  15th  Street,  New  York  City. 
Kellogg,  Leonard  L.,  October,  1906. 

President  and  Manager,  Sioux  City  Gas  &  Electric  Company, 

51 1  Pierce  Street,  Sioux  City,  Iowa. 
Kellogg,  Ravmond  C,  March,  1909. 

Assistant   to   Superintendent   of    Street   Department,    Brooklyn 

Union  Gas  Company,  5  Sktilman  Street,  Brooklyn,  New  York. 
Kellocc,  R.  M..-October,  1906. 

Engineer  with  Westchester  Lighting  Company,  Mount  Vernon, 

New  York, 
Kelsby,  Charles  B.,  September,  1912. 

President,  American  Utilities  Company,  Grand  Rapids,  Michigan. 
Kenan,  Norman  G.,  October.  1906. 

President,  The  Union  Gas  &  Electric  Company,  3416  Brooklinc 

Avenue,  Cincinnati,  Ohio, 
Kendall,  Ai3ERT  Whittemohe,  March,  igio. 

Assistant  Manager,  Rockford  Gas  Light  &  Coke  Company,  aoi 

Mulberry  Street,  Rockford,  Illinois, 
Kennedy,  James,  September,  1907. 

Agent,  Gas  and  Electric  Departments,  Public  Service  Gas  Com- 

panyi  59'  Spring  Street,  West  Hoboken,  New  Jersey. 
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Kennedy,  James  S.,  October,  1906. 

Superintendent,    Standard    Gas  Light   Company,    foot  of   East 

iiSth  Street,  New  York,  New  York, 
Kennedy,  John  Pekm,etcn,  September,  1907. 

General   Superintendent,   Cambridge   Gels   Light   Company,   354 

Third  Street,  East  Cambridge,  Massachusetts. 
Kennedy,  Thouas  P.,  March,  191 1. 

Assistant  to    Superintendent   of    Street    Department,    Brooklyn 

Union  Gas  Company,  sth  and  Hoyt  Streets,  Brooklyn,  New  York. 
Keppeluan,  John  H..  October,  1906. 

Superintendent,  Consumers  Gas  Company,  ao  North  Fifth  Street, 

Reading,  Pennsylvania. 
KefpEluann,  D.  Ellwood,  October,  1906. 

Superintendent   of    Gas    Distribution,    Pacific    Gas    &    Electric 

Company,  445  Sutter  Street,  San  Francisco,  California. 
Kebsting,  Auert  F.p  October,  igo6. 

Superintendent,  Mobile  Gas  Company,  Box  234,  Mobile,  Alabama. 
King,  Arthub  Gordon,  September,  igog. 

Superintendent's    Assistant,    Brooklyn    Union    Gas    Compuij, 

Nevins  and  Degraw  Streets,  Brooklyn,  New  York. 
KiKCSBtntY,  I.  C,  March,  1909. 

Superintendent  of  Mains,  Consolidated  Gas  Company  of  New 

York,  80  Eliiabeth  Street,  New  York,  New  York. 
KncHER,  Haesy  B.,  March,  1907. 

514  Church  Street,  Belleville,  Illinois. 
Ki£iN,  August  Clasence,  September,  1912. 

Engineer,  United  Gas  Improvement  Company,  1401  Arch  Street, 

Philadelphia,  Pennsylvania. 
KiUHPP,  John  Babtleuan,  October,  1906 

Inspecting  Engineer,  United  Gas  Improvement  Company,  Broad 

and  Arch  Streets,  Philadelphia,  Pennsylvania. 
Knapp,  Aifos  M.,  October,  1906. 

Foreman  of  Meter  Shop,  Westchester  Lighting  Cmnpany,  266 

Woodworth  Avenue,  Yonkers,  New  York. 
Knapp,  Isaac  N.,  October,  1906. 

116  Ardmore  Avenue,  Ardmore,  Pennsylvania. 
Knapp,  WaxiAU  Jabed,  March,  1910. 

Assistant  Superintendent,  Division  Street  Station,  Peoples  Gas 

Light  &  Coke  Company,  122  South  Michigan  Avenue,  Chicago, 

Illinois. 
Knight,  J.  J.,  October,  1906. 

Vice-President,    Kalamazoo    Gas    Company,    123    West    Street, 

Kalamazoo,  Michigan. 
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Khowles,  WiLLiAji  p.,  October,  1906. 

Superintendent,  Richmond  City  Gas  Works,  2606  Grove  Avenue, 
Richmond,  Virginia. 

KoHLES,  Ai^EBT  J„  September,  1913. 

Superintendent,  Light  and  Power  Department,  Lynchburg  Trac- 
tion &  Lisht  Company,  5^3  Main  Street,  Lynchburg,  Virginia. 

KoiKEB,  C.  W.,  October,  1906. 

General  Manager  and  Engineer,  Municipal  Lighting  Plant,  Pasa- 
dena, California. 

KowALKE,  Orra  L.,  September,  1909. 

Associate  Professor  Chemical  Engineering,  Engioeering  Build- 
ing, University  of  Wisconsin,  Madison,  Wisconsin. 

Kbaft,  R.  p.,  October.  1906. 

Assistant  Engineer,  Milwaukee  Gas  Light  Company,  182  Wis- 
consin Street,  Milwaukee,  Wisconsin. 

Krumbey,  Robert  Gabfield,  September,  1913. 

General  Superintendent,  Beloit  Water,  Gas  &  Electric  Company, 
429  East  Grand  Avenue,  Beloit,  Wisconsin. 

KuBO,  Sbosuke,  September,  191 1. 

Managing  Director  of  Kobe  Gas  Company,  Ltd.,  Kobe,  Japan. 

KusTEK,  John  D.,  September,  1912. 

Manager  San  Jose  District,  Pacific  Gas  &  Electric  Compan]', 
2nd  and  Antonio  Streets,  San  Jose,  California. 

Lambest,  Edw.  L-,  September,  1909. 

General  Manager,  Ottumwa  Gas  Light,  Heat  &  Power  Company, 
Ottumwa,  Iowa. 

Lamsdn,  Cbables  DUK.EV,  October,  1906. 

President  and  General  Manager,  Worcester  Gas  Light  Com- 
pany, 240  Main  Street,  Worcester,  Massachusetts, 

Lamson,  Wiujam  O.,  Jb.,  March,  1907. 

Manager,  Chester  County  Gas  Company,  33  West  Gay  Street, 
West  Chester,  Pennsylvania. 

Lane,  F^tEDEKiCK  K.,  October,  1906. 

Manager  and  Treasurer,  Seattle  Lif^ting  Company,  Seattle, 
Washington. 

Lane,  Jas.  M.,  September,  1909. 

Superintendent  of  Works,  Public  Service  Gas  Company,  Pater- 
son,  New  Jersey. 

Lane,  Wuxiam  P.,  March,  1908. 

Superintendent,  Point  Breeze  Works,  United  Gas  Improvement 
Company,  Passyunk  Avenue  and  Schuylkill  River,  Philadelphia, 
Pennsylvania. 
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Lahaway,  B.  R.,  September,  1908." 

Treasurer  and  General  Manager,  Jackson  Gas  Company,  Jack- 
son, Michigan. 
Lathrof,  Alanson  P.,  October,  190& 

President,  American  Light  &  Traction  Company,  40  Wall  Street, 

New  York,  New  York. 
Lavelle,  William  J.,  March,  I9f3. 

Manager  Coke   Sales,    New   England   Coal  &   Coke   Company, 

III  Devonshire  Street,  Boston,  Massachusetts. 
LAWtOR,  Jas.  W.,  September,  1908. 

Superintendent  North  Station,  Peoples  Gas  Light  &  Coke  Com- 
pany, 1 122  Crosby  Street,  Chicago,  Illinois. 
Lawlok,  R.  H.,  October,  1906. 

Manager,  Indiana  Gas  Light  Company,  Noblesville,  Indiana. 
Lawrence,  W.  F.,  October,  1906. 

Genera!  Superintendent,  Astoria  Light,  Heat  &  Power  Company, 

Long  Island  City,  New  York. 
Lea,  Henry  I.,  October,  1906. 

Consulting  Gas  Engineer,  Peoples  Gas  Building,  Chicago,  Illinois. 
Leach,  F.  A.,  Jr.,  September,  1912. 

Oakland    District  Manager,    Pacific   Gas  &  Electric  Company, 

Post  Office  Box  426,  Oakland,  California. 
Learned,  Charles  A.,  October,  1906. 

General    Manager,    Mepden    Gas    Light    Company,    33    Colony 

Street,  Meriden,  Connecticut. 
Learned,  Waldo  A.,  October,  1906. 

General    Superintendent,    Newton    and    Watertown    Gas    Light 

Company,  308  Washington  Street,  Newton,  Massachusetts. 
Lee,  Francis  V.  T.,  September,  1908.    - 

Care  of  H.  C.  Parker,  1601  Taylor  Street,  San  Francisco,  Cali- 

Leland,  Edw,  D.,  September,  1909. 

Superintendent  of  Compressing  Stations,  Philadelphia  Company, 

4623  Centre  Avenue,  Pittsburgh,  Pennsylvania. 
Leonard,  Chasles  F.,  October,  1906. 

Engineer,  220  Broadway,  New  York,  New  York. 
Letang,  B.  E.,  October,  1906. 

Proprietor,  Jackson  Gas  Light  Company,  Jackson,  California. 
Levering,  Wii.  Wallace,  March,  igoS. 

Treasurer.  Citizens  Gas  Company  of  Trenton,  Mis-onri;   1328 

Chestnut  Street.  Philadelphia,  Pennsylvania. 
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Lewis.  Raymond  Chapin,  March,  1911. 

Assistant  Superintendent  of  Holder  Distribution  Department, 
Brookljrn  Union  Gas  Company,  84  Broadway,  Brooklyn,  New 
York. 

Lewis,  Williau  Morgan,  October,  1906. 

Manager,  Rockville  Gas  Company,  7  Park  Street.  Rockville. 
Connecticut. 

LiCHT,  Edwabd  H.,  October,  1906. 

Superintendent  of  Distribution,  Dayton  Gas  Light  ft  Coke  Com- 
pany. 203  East  First  Street,  Dayton,  Ohio. 

Light,  Gemge,  October,  1906. 

Superintendent,  Dayton  Gas  Light  ft  Coke  Company,  303  East 
First  Street,  Dayton,  Ohio. 

L1XJ.1E,  Lewis,  October,  1906. 

Third  Vice-President  and  Treasurer,  The  United  Gas  Improve- 
ment Company,  Broad  and  Arch  Streets,  Philadelphia,  Fenn~ 
sylvania. 

Lindsay,  Robert,  October,  1906. 

Superintendent  Gas  Department,  New  Bedford  Gas  &  Edison 
Light  Company.  314  South  Water  Street,  New  Bedford,  Massa- 
chusetts. 

Linton.  Sahuei,  E.,  Jr.,  October,  1906. 

Superintendent,  Sioux  Falls  Gas  Company,  Sioux  Falls,  South 
Dakota. 

L1TT1.E,  Arthur  Dehon,  March.  1908. 

Chemical  Engineer  in  General  Practice,  93  Broad  Street,  Boston, 
Massachusetts. 

Little,  Francis  W.,  October,  1906. 

President,  Sault  Sic  Marie  (Mich.)  Gas  ft  Electric  Company, 
1901  Emerson  Avenue,  South,  Minneapolis,  Minnesota. 

IjttlEhai,ES,  Thomas,  October,  1906, 

Garden  Hotel,  Camden,  New  Jersey. 

Livingston,  H.,  March,  1909. 

Assistant  Superintendent  Point  Breeze  Gas  Works,  The  United 
Gas  Improvement  Company,  Passyunk  Avenue  and  Schuylkill 
River,  Philadelphia,  Pennsylvania. 

Livingston.  Robert  E.,  September,  1911. 

Advertising  Manager,  Consolidated  Gas  Company,  I  Madison 
Avenue,  New  York,  New  York, 

l4j:ivD,  Alfred  G.,  October,  1906. 

Vice-President,  Adrian  (Mich.)  Gas  Company,  860  Greenwood 
.Avenue,  Detroit,  Michigan. 


D.gnzed  by  Google 


757 

Lloyd,  Ebnest  F.,  October,  1906. 

President,    Delphos    Gas    Company,    860    Greenwood    Avenue, 
Detroit,  Michigan. 

Long,  David  Saiiuel,  March,  1913- 
Meter  Department,  Gas  Company,  218  West  Askley  Street,  Jack- 
sonville, Florida, 

LoBi>,  R.  S..  Octi>ber,  igoli 

Secretary  and  Treasurer,  Hope  Engineering  &  Supply  Company, 
903  Farmers  Bank  Building,  Pittsburgh,  Pennsylvania. 

Love,  Edwakd  GurlEy,  March,   1913. 

Chief  Chemist,  Consolidated  Gas  Company,  124  Bast  15th  Street, 
New  York,  New  York. 

Low,  D.  W.,  October,  1906. 

Superintendent.  Alliatice  Gas  &  Electric  Company,  Alliance,  Ohio. 

Lucas,  Thomas  J.,  September,  191 1. 

Consulting  Engineer,  Assistant  to  W.  A.  Baehr,  2009  Peoples 
Gas  Building,  Chicago,  Illinois. 

LucENA,  Joseph,  October,  1906. 

Superintendent    of    Distribution,    Omaha    Gas    Company,    laoa 
Howard  Street,  Omaha,  Nebraska. 

LucKE,  Chabi.es  Edwaho,  September,  1913. 

Professor,    Department    of    Mechanical    Engineering,    Columbia 
University,  Morningside  Heights,  New  York,  New  York. 

Luckbnbach,  Crasles  A.,  September,  1911. 

Manager  of  Construction,  Los  Angeles  Gas  &  Electric  Corpora- 
tion, 645  South  Hill  Street,  Los  Angeles,  California. 

LuiCK,  AdoU'U  James,  September,  1913. 

Consulting  Engineer  with  W.  A.  Baehr,  2009  Peoples  Gas  Build- 
ing, Chicago,  Illinois. 

LuNDBi^D,  OscAx  J.  A.,  March,  191 1. 

Superintendent,    Nassau   &    Suffolk   Lighting    Company,    Main 
Street,  Hempstead,  New  York. 

LuKPGAABD,  I.,  March,  1913. 

Industrial  Engineer,  Rochester  Railway  &  Light  Company,  34 

Clinton  Avenue,  North,  Rochester,  New  York. 
Luqueer,  Robekt  0u[,  October,  1906. 

Secretary,  Humphreys  &  Miller,  Inc.,  165  Broadway,  New  York, 

New  York. 
LuTHEB,  F.  E.,  October,  1906. 

Superinendent,  Peoples  Gas  Light  &  Coke  Company,  Michigan 

Avenue  and  Adams  Street,  Chicago,  Illinois. 
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LuTHEii,  William  J.,  Octolicr,  1906. 

Superiniendent,    Atilehoro    Gas    Light    Company,    19    Dunham 

Street,  Atlleboro,  Massachusetts. 
Lydeckkr,  Fkedk.  Ackebuan,  March,  ig[3. 

Assistant   Superintendent   of   Distribution,    Public    Service  Gas 

Company,  Waverly  Place,  Madison,  New  Jersey. 
LvvN,  James  T.,  October,  1906. 

President,    National    Gas,    Electric    Light    &    Power    Company, 

Ford  Building.  Detroit,  Michigan. 
Lyon,  Chas,  Ll'usden,  October,  1906. 

Superintendent,  St.  Augustine  Gas  &  Electric  Light  Company. 

St.  Augustine,  Florida. 
Lyons,  B.  F.,  October,  1906. 

Vice-President   and    General    Manager,    Beloit    Water,    Gas    & 

Electric  Company,  Beloit,  Wisconsin. 
McAdam,  Bbvce,  October,   1906. 

Superintendent  of  Distribution,  Milwaukee  Gas  Light  Company, 

406  Bradford  Avenue,  Milwaukee,  Wisconsin, 
MiCallum,  J.  N.,  October,  1906. 

\' ice- President,    Lenawee    County    Gas    &    Electric    Company, 

.\drian,  Michigan,  39  South  La  Salle  Street,  Chicago,  Illinois. 
McCarteb,  Thos.  N.,  September,  1907. 

President,  Public  Service  Gas  Company.  Broad  and  Bank  Streets, 

Newark,  New  Jersey. 
MlCarthy,  J.  M.,  March,  1909. 

Vice-President,  American  Light  Sl  Traction  Company,  40  Wall 

Street.  New  York,  New  York. 
McCtAHY,  N.  A.,  October,  1906. 

President,    Northwestern    Gas    Light    Company,    108    La    Salle 

Street,  Chicago,  Illinois, 
McClbulan,  William,  September,  1913. 

Consulting  Gas  Engineer,  141  Broadway.  New  York.  New  York. 
McClellon,  J.  M..  March,   1911. 

Superintendent,  New  England  Gas  &  Coke  Company,  Everett, 

Massachusetts. 
McClov,  Walter  L..  September.  1909. 

General  Superintendent,  Philadelphia  Company,  435  Sixth  Ave- 
nue, Pittsburgh,  Pennsylvania. 
McCoR  KIND  ALE.  William  J.,  October,  1906. 

General  Manager,  Wilmington  Gas  Company,  Wilmington,  Dcla- 
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McCrea,  Thomas  P.,  March,  191 3. 

Assistant  Secretary  and  Treasurer,  Los  Angeles  Gas  &  Electric 

Corporation,  645  South  Hill  Street,  Los  Angeles,  California. 
McDonald,  Donald,  October,  1506. 

Vice-President  and  General  Manager,  Louisville  Gas  &  Electric 

Company,  311  West  Chestnut  Street,  Louisville,  Kentucky. 
McDonald,  Donald,  October,  1906. 

With   D.  McDonald  &  Company,  991   Broadway,   Albany,   New 

York. 
McDonald,  William,  October,  1906. 

With   D,   McDonald   &  Company,  991    Broadway,   Albany.   New 

York. 
McDowell,  J.  C,  March,  1907. 

General  Manager,  Kansas  Natural  Gas  Company,  Farmers'  Bank    ' 

Building,  Pittsburgh,  Pennsylvania. 
McGowan,  Henky  Eddy,  March,  1911, 

General  Manager,  The  natbush  Gas   Company,  273  Ctarkson 

Street,  Brooklyn,  New  York. 
McGkegor,  Williau,  October,  1906. 

Manager,  The  Pawtucket  Gas  Company,  231  Main  Street,  Paw- 
tucket,  Rhode  Island. 
McGuHTy,  WiLUAM  J..  March,  1912. 

Assistant  Superintendent,  Central  Union  Gas  Company,  90s  East 

138th  Street,  New  York,  New  York. 
McIlhennv,  James  S.,  October,  1906. 

Engineer,    Washington   Gas   Light    Company,   41s    loth    Street, 

N,  W.,  Washington,  District  of  Columbia. 
McIlhennv,  John,  October,  1906. 

Consulting  Engineer,  Washington   (D.  C.)   Gas  Light  Company, 

1339  Cherry  Street,  Philadelphia,  Pennsylvania, 
McIlhenny,  John  D.,  October,  1906. 

Managing,  Director,    Portsmouth    (Va.)    Gas    Company,    1339 

Cherry  Street,  Philadelphia,  Pennsylvania. 
McIntvbe,  Andrew,  September,  1908. 

Superintendent,   Public  Service  Company  of  Northern  Illinois, 

University  and  Maple  Avenues,  Evanston,  Illinois. 
McKav,  William  E.,  October,  1906. 

Vice-President  and  General  Manager,  New  England  Gas  &  Coke 

Company,  ill  Devonshire  Street,  Boston,  Massachusetts. 
McKee,  G.  W.,  October,  1906. 

Vice-President  and  Manager,  Eclipse  Fuel   Engineering  Com- 
pany. 707  South  Main  Street,  Rockford,  Illinois. 
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McKenzie,  W.  H.,  October,  1906. 

General  Manager,  Wyandotte  County  Gas  Company,  6th  Street 

and  Minnesota  Avenue,  Kansas  City,  Kansas. 
McLean,  Gecvge,  October,  igo6. 

President  and  Manager,  The  Key  City  Gas  Company,  6^  Main 

Street,  Dubuque,  Iowa. 
McLean,  H.  B.,  March,  1908. 

General  Superintendent,  Consolidated  Gas  Company,  130  East 

iSth  Street.  New  York,  New  York. 
McMuxin,  EuEbson,  October,  1906. 

40  WaH  Street,  New  York,  New  York. 
McMiLLiN,  Mabion,  March,  1909. 

Assistant  Secretary,  American  Light  &  Traction  Company,  40 

Wall  Street,  New  York,  New  York. 
MAcAmHua,  Donald,  September,  1913. 

Superintendent  of   Manufacture,  Laclede  Gas  Light  Company, 

Laclede  Gas  Building,  St.  Louis,  Missouri. 
Macbbtb,  a.  B.,  October,  1906. 

General  Manager,  Kansas  Natural  Gas  Company,  Independence, 

Macbeth,  Geobce  T.,  October,  1906. 

Engineer,  Gas  Department,  Westchester  Lighting  Company,  First 
Avenue  and  First  Street,  Mount  Vernon,  New  York. 

Macdonau),  Geobge,  October,  igo6. 

President  and  General  Manager,  Nassau  and  Suffolk  Ughtinjc 
Company  of  Freeport,  New  York,  149  Broadway,  New  York, 
New  York. 

Macintosh,  Waltek  L.,  March,  1909. 

Engineer,  Consolidated  Gas  Company  of  New  York,  124  East 
15th  Street,  New  York,  New  York. 

MackiE,  G.  W,  September,  1913, 

Assistant  Superintendent,  Milwaukee  Coke  &  Gas  Company, 
Colby- Abbott  Building,  Milwaukee,  Wisconsin. 

Macklin,  a.  Fred,  September,  1911. 

Assistant  Superintendent,  Consolidated  Gas  Company,  44th  Street 
and  North  River,  New  York,  New  York. 

MacSweeney,  Joseph  P.,  March,  1911. 

Assistant  Commercial  Agent,  Rochester  Railway  &  Light  Com- 
pany, 34  Clinton  Avenue,  North,  Rochester,  New  York. 

Macy,  Carlton,  October,  1906. 

President  and  General  Manager,  Queens  Borough  Gas  &  Elec- 
tric Company,  Far  Rockaway,  New  York. 
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Mainland,  Sinclair,  October,  1906. 

Treasurer,  Continental  Public  Utilities  Company,  Oshkosh,  Wis- 
consin. 

Maihund,  Wiuuau,  October,  igo6. 

President,  Continental  Public  Utilities  Company,  Oshkosh,  Wis- 
consin. 

Malone,  M.  £.,  October,  1906. 

Manager  Coke  Department,  Denver  Gas  &  Flectric  Company, 
goo  15th  Street,  Denver,  Colorado. 

Maianey,  Andkew  p.,   September,   1907. 

Official  of  Gas  Companies,  Lakewood    {N.  J.)    Gas  Company, 
Land  Title  Building,  Philadelphia,  Pennsylvania. 

Mauinev,  Maktik  211,  March,  1913. 

Assistant   to    Superintendent,    City   Gas   Light   Company,    Post 
Office  Apartments,  Ocean  City,  New  Jersey. 

Mann,  Howasp  E.,  October,  1906. 

Engineer,   Montreal  Light,   Heat  &   Power   Company,   Montreal, 
Canada. 

Markhus,  O.  G.  F.,  October,  1906. 

Engineer,  Idaho-Oregon  Light  &  Power  Company,  Boise,  Idaho. 

Mabkley,  Joseph  C.,  October,  1906. 

Chief  Engineer,  Metropolitan  Gas  &  Electric  Company,  in  West 
Monroe  Street,  Chicago,  Illinois. 

Maucs,  R.  J.,  October,  1906. 

Superintendent,  City  Gas  Company,  Norfolk,  Virginia. 

Masks,  Wu.  D.,  October,  1906. 

Consulting  Engineer,  633  Park  Row  Building,  New  York,  New 
York. 

Marple,  W11.UAM  McKelvey,  October,  1906. 

Chief  Engineer,  Scranton  Gas  &  Water  Company,  423  Jeffer- 
son Avenue,  Scranton,  Pennsylvania. 

Mauow,  George  Peek,  September,  1910. 

Assistant  Engineer,  with  The  Bartlett  Hay  ward  Company.  Scott 
8c  McHenry  Streets,  Baltimore,  Maryland. 

Uabshall,  F.  L-,  October,  1906. 

Superintendent,  Henrico  County  Gas  Compuiy,  Barton  Heights, 
Richmond,  Virginia. 

Mabshaix,  Wiluam  H.,  October,  1906. 

Assistant  to  Third  Vice-President,  The  United  Gas  Improve- 
ment Company,  1401  Arch  Street,  Philadelphia,  Pennsylvania. 

Martin,  Edmund  H.,  September,  1908. 

Commercial  Agent,  Des  Moines  Gas  Company,  412  West  7th 
Street,  Des  Moines,  Iowa. 
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Martin,  Eugene  S.,  September,  igo?. 

Superintendent,    Westchester    Lighting   Company,    Mamaroneck 

Avenue,  White  Plains,  New  York. 
Martin,  John,  October,  1906. 

President,   Coast   Counties   Light  Sc  Power   Company,  454  Cali- 
fornia Street,  San  Francisco,  California. 
Martin,  John  Goboon,  September,  1912. 

Secretary  and  Manager,  Gas  &  Electric  Light  Company,  7  North 

Indiana  Street,  Green  castle,  Indiana. 
Martin,  William  Paul,  March,  1908. 

Vice-President,  Peoples  Gas  Light  &  Coke  Company,  122  South 

Michigan  Avenue,  Chicago,  Illinois., 
Mason,  John  T.,  October,  1906. 

Superintendent  Third  Ward  Works,  Milwaukee  Gas  Light  Com- 
pany, 129  25th  Street,  Milwaukee,  Wisconsin. 
Mather,  John  L.,  September,  1908. 

General  Manager,  Counties  Gas  &  Elecric  Company,  .\rdmore, 

Pennsylvania. 
Mathews,  Eugene  Hamilton.  September,  1908. 

Superintendent,  Citizens'  Works,  Brooklyn  Union  Gas  Company, 

5th  and  Hoyt  Streets,  Brooklyn,  New  York. 
Maxon,  J.  H.,  October,  igoC 

President  and  Genera!  Manager,  Central  Indiana  Gas  Company, 

Muncie,  Indiana. 
MAV>ai,  Jos.  E.  J.,  September,  igo8. 

Commercial  Agent,  Peoples  Gas  Light  &  Coke  Company,  Peoples 

Gas  Building,  Chicago,  Illinois. 
Mavers,  J.  Alex.,  October,  1906. 

Gas  Engineer;  President  Public  Service  Construction  Company, 

30  Broad  Street,  New  York,  New  York. 
Mead,  Giles  W.,  September,  1908. 

President,  Indiana  Natural  Gas  &  Oil  Company,  The  Linde  Air 

Products  Company,  42d  Street  Building,  New  York,  New  York. 
Melick.  Thos  L.,  September,  1907. 

Engineer,  Gas  Department,  Central  Division.  Public  Service  Gas 

Company,  249  East  4th  Street,  Plainfield,  New  Jersey. 
Merchant,  O.  A.,  Jr.,  March,  1907. 

Manager,  Bangor  Gas  Light  Company,  18  Central  Street,  Bangor, 

Maine. 
Merrifield,  L.  L..  October,  1906. 

Consulting  Gas  Engineer,  269  Front  Street,  EUst,  Toronto.  Onta- 
rio, Canada. 
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Uerbitt,  Albekt  H.,  October,  igo6. 

GenersLl  Manager,  Niagara  Falls  Gas  &  Electric  Light  Company, 

306  Niagara  Street,  Niagara  Falls,  New  York. 
Mrmitt,  W.  H.,  October,  1906. 

General  Manager,  Fremont  Gas,  Electric  Light  &  Power  Com- 
pany, Freemont,  Nebraska. 
MiDDLEtoN,  Robert  L-,  October,  1906, 

1530  30th  Street,  N.  W.,  Washington,  District  of  Columbia. 
MiLLAKD,  Frederick  Chas..  September,  1907. 

Consulting  Gas  Engineer,  425  Merchants  Trust  Building,  Los 

Angeles,  California. 
Miu-EB.  Alten  S.,  October,  1906. 

Vice-President,  Humphreys  &  Miller,  Inc.,  165  Broadway,  New 

York,  New  York. 
Miller,  Cabbou.,  October,  1906. 

Engineer,   Providence  Gas  Company.  20  Market   Square,   Provi- 
dence, Rhode  Island. 
Miller.  C.  O.  G.,  October,  1906. 

President,  Pacific  Lighting  Company,  519  California  Street,  San 

Francisco,  California. 
MiuER.  H.  C,  September,  1913. 

Secretary    and    Treasurer,    Northern    Indiana    Gas    &    Electric 

Company,  Hammond,  Indiana. 
MiLLEB,  Ira  Abbott,  October,  1906. 

Assistant    Secretary,    Treasurer    and    Superintendent,    Colorado 

Springs  Light  &  Power  Company,  30  Boulder  Crescent,  Colorado 

Springs,  Colorado. 
Miller,  Robt.  C,  September,  1909. 

Assistant  Superintendent,  Coke  Department,   Consolidated   Gas 

Company  of  New  York,  230  Avenue  C,  New  York,  New  York. 
Miller,  Robert  S.,  October,  1906. 

Manager,  Jackson  County  Light,  Heat  &  Power  Company,  2io 

West  Maple  Avenue,  Independence,  Missouri. 
MaLEB.  R.  W.,  October,  1906. 

Manager,  Durham  Light  &   Power  Company,  Durham,   North 

Carolina. 
M11J.ER,  Thomas  David,  October,  1906. 

Special  Representative  for  E.  M.  Mancourt,  Western  Manager, 

The  Consolidation  Coal  Company,  910  Fisher  Building,  Chicago, 

Illinois. 
Miller.  V.  A.,  September,  1907. 

Superintendent  and  New  Business  Manager,  Canandaigua  Gas 

Light  Company,  66  South  Main  Street,  Canandaigua,  New  York. 
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M"",'.",  WnxiAu  A.,  October,  1906. 

Engineer  of  Construction  and  Operation,  National  Chamber  Oven 

Company,  Cincinnati,  Ohio. 
Milne,  David  S.,  October,  1906. 

Division    Manager,    Central    Indiana    Gas    Company,    EI  wood, 

Indiana, 
MitLS,  Samuel  Archibald,  March,  191 1. 

Assistant  Superintendent,  Williamsburg  Works,  Brooklyn  Union 

Gas  Company,  Foot  of  North  12th  Street,  Brooklyn,  New  York. 
Milton,  Marshall  M.,  September,  1912. 

General  Mani^er,  Hagerstown  I,ight  &  Heat  Company,  10  North 

Jonathan  Street,  Hagerstown,  Maryland. 
MocKETT,  W.  E.,  October,  1906. 

Chief  Engineer,  Gas  Departnent,  Havana  Electric  Railway,  Light 

&  Power  Company,  Monte  No.  i,  Havana,  Cuba. 
MooBE,  Edwin  A,,  March,  1908. 

President,  American  Coke  &  Gas  Construction  Company,  Cam- 
den, New  Jersey;  Z2i6  North  52d  Street,  Philadelphia,  Penn- 
sylvania. 
MooBE,  H.  M.,  October,  1906. 

Manager,  Austin  Gas  Light   Company,  90:'  Congress  Avenue, 

Austin,  Texas. 
MooBHOUSE,  Louis  B.,  September,  1908. 

Care  of  H.  L-  Dohertyft  Company,  60  Wall  Street,  New  York, 

New  York. 
Mobkhead,  John  M.,  October,  190& 

Consulting    Engineer,    Peoples    Gas    Light    &    Coke    Company, 

Peoples  Gas  Building,  Chicago,  Illinois. 
Morgan,  John  Eyhk,  October,  1906. 

408  Tioga  Street,  Johnstown,  Pennsylvania. 
M(«R£LL,  Edward  E.,  October,  1906. 

Treasurer,  National  Gas  &  Water  Company,  1S4  La  Salle  Street, 

Chicago,  Illinois. 
Morris,  Hekry  Charles,  September,  1912. 

General  Manager,  Dallas  Gas  Company,  Dallas,  Texas. 
Morris,  Robert  C,  Jr.,  October,  1906. 

Superintendent,  New  York  &  Richmond  Gas  Company,  694  Bay 

Street,  Stapleton,  Staten  Island.  New  York. 
Morris,  W.  Cullen,  October,  1906. 

Engineer  of  Construction,  Consolidated  Gas  Company  of  New 

York,  124  East  isth  Street,  New  York,  New  York. 
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Morris,  Williau  Gius,  March,  191 1. 

Chief  Clerk,  Consolidated  Cas  Company,  124  East  15th  Street, 
New  York,  New  York. 

M(«sis,  W1U.IA11  T.,  October,  1906. 

President  and  Treasurer,  United  States  Gas  &  Electric  Com- 
pany, Penn  Yan,  New  York. 

MoRBisoN,  Henby  K„  October,  1906. 

Manager,  Brockton  Gas  Light  Company,  Brockton,  Massachu- 

MoBTON,  ALBEKt  B.,  September,  1907. 

Superintendent,  Rome  Gas,  Electric  Light  &  Power  Company, 

139  North  James  Street,  Rome,  New  York. 
MoOTON,  F.  N.,  October,  1906. 

Engineer,  with  United  Gas  Improvement  Company,  Broad  and 

Arch  Streets,  Philadelphia,  Pennsylvania. 
Moses,  Frank  D.,  October,  1906. 

Engineer,  7  North  Stockton  Street,  Trenton,  New  Jersey. 
Mueller,  M.  E.,  September,  1909. 

Assistant  Superintendent  of  Manufacture,  Astoria  Light,  Heat  & 

Power  Company,  Astoria,  I-ong  Island,  New  York. 
MuLB(Hj,AND,  S.  E.,  October,  1906. 

Assistant   General    Manager,   Indiana  Ughting  Company,    1117 

West  Jefferson  Street,  Fort  Wayne,  Indian-. 
MuNSON,  Ralph  Ira,  March,  1913. 

Secretary,    Bridgeport    Gas    Light    Company,   799   Main    Street, 

Bridgeport,  Connecticut. 
MuRDOCK,  Jaues  W.,  October,  1906. 

General   Superintendent,  Underlying  Companies,  Associated  Ga* 

&  Electric  Company,  Ithaca,  New  York. 
MuBDocK,  S.  T„  October,  1906. 

Secretary   and   General    Manager,   Indiana   Lighting   Company, 

4th  and  Ferry  Streets,  Lafayette,  Indiana. 
MuBPHY,  Edwabd  J.,  September,  1913. 

Assistant  Chemist,  Brooklyn  Union  Gas  Company,  5th  and  Hoyt 

Streets,  Brooklyn,  New  York. 
Murbay,  John  J.,  March,  191 1. 

Superintendent,  Allegheny  Heating  Company,  43s  6th  Avenue, 

Pittsburgh,  Pennsylvania. 
Myers,  Edwabd  Brittain,  October,  igo6. 

Engineer,  Northern  Indiana  Gas  &  Electric  Company,  315  South 

Michigan  Street,  South  Bend,  Indiana. 
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Myers,  Joseph  B.,  October,  1906. 

With  The  United  Gas  Improvetnent  Company,  Broad  and  Arch 

Streets,  Philadelphia,  Pennsylvania. 
Nafhtaly,  Sauuo,  L.,  October,  igo6. 

Engineer,  Operation  and  Maintenance,  Pacific  Gas  tc  Electric 

Company,  445  Sutter  Street,  San  Francisco,  California. 
Neelv.  M.  L.,  September,  igoS. 

Care  of  Fresno  Gas  Company,  Fresno,  California. 
Nelson,  John  F.,  March,  1909. 

District  Superintendent  of  Mains,  Consolidated  Gas  Company  of 

New  York,  iiith  Street  and  1st  Avenue,  New  York,  New  York. 
NETTtES,  Rosco,  September,  1911. 

Secretary,  Tampa  Gas  Company,  Tampa,  Florida. 
Nettleton,  Chaues  H.,  October,  1906. 

President,  Derby  Gas  Company  and  New  Haven  Gas  Light  Com- 
pany, 22  Elizabeth  Street,  Derby,  Connecticut. 
Newberby,  F.  E.,  October,  1906. 

Superintendent    Gas    Department,    Green    Bay   Gas    &    Electric 

Company,  Green  Bay,  Wisconsin, 
Nichols,  Wjlliah  &.,  September,  igiz. 

Assistant   General   Manager,    Cilizens   Gas   Light   Company,    Ii 

Granite  Street,  Quincy,  Massachusetts. 
NicxERSON,  Franklin  Hezekiah,  March,  191 1. 

Chief   Statistician,  Consolidated  Gas  Company,   124   East   15th 

Street.  New  York,  New  York. 
NoKCitoss,  J.  Abnold,  October,  1906. 

Secretary  and  Treasurer,  New  Haven  Gas  Light  Company,  80 

Crown  Street,  New  Haven,  Connecticut, 
NoKus,  R0U.1N,  October,  igo6. 

Genera]  Superintendent,  The  United  Gas  Improvement  Company, 

Broad  and  Arch  Streets,  Philadelphia,  Pennsylvania. 
NoKTH,  Edwin,  March,  1910. 

Purchasing  Agent,  Consolidated  Gas  Company,   124  East  15th 

Street,  New  York,  New  York. 
NoRioN,  Walter  F.,  October,  1906. 

Superintendent,  Gas  Department,  Nashua  Light,  Heat  &  Power 

Company,  70  East  Pearl  Street,  Nashua,  New  Hampshire. 
Norton,  Wiluaji  J.,  Setember,  1913. , 

Special  Consulting  Work,  Public  Service  Company  of  Northern 

Illinois,  Middle  West  Utilities  Company  of  Illinois,  Ji3  West 

Adams  Street,  Chicago,  Illinois. 
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NuTE,  Joseph  E.,  October,  1906. 

Manner,  Fall   River  Gas  Works   Company,    155   North   Miun 

Street,  Fall  River,  Massachusetts. 
O'CoNNEU,,  John,  March,  1913, 

Genera]  Foreman  of  Gas  Making,  Consolidaleil  Gas  Company, 

SOI  East  2ist  Street,  New  York,  New  York. 
O'DoNNEUo  Chas.  J.,  April,  igog. 

General  Office,  The  United  Gas  Improvement  Company,  1401 

Arch  Street,  Philadelphia,  Pennsylvania. 
Offutt,  M.  Webb,  March,  1908. 

Care  of  Electric  Bond  &  Share  Company,  71  Broadway,  New 

York,  New  York. 
Okauoto,  Saxura,  March,  1909. 

Chief  Engineer  and  Manager,  Nagoya  Gas  Company,  Nagoya, 

Japan. 
O1.DS,  Howabb  I,.,  October,  igo6. 

Assistant  Vice-President,  Middle  West  Utilities  Company,  ti3 

West  Adams  Street,  Chicago,  Illinois. 
Olusteas,  Geokge  G.,  October,  1906. 

8  South  Dearborn  Street,  Chicago,  Illinois. 
O'Maixev,  Patwck,  October,  1906. 

Engineer,  Western  United  Gas  &  Electric  Company,  9S  Prairie 

Street,  Aurora,  Illinois. 
OsTHOFF,  Ono  E.,  October,  1906. 

Vice-President  and  Chief  Engineer,  H.  M.  Byllesby  &  Company, 

Insurance  Exchange  Building,  Chicago,  Illinois. 
Ottek,  Chaklgs,  Jb.,  March,  1907. 

Superintendent,  Haverhill  Gas  Light  Company,  109  Merrimack 

Street,  Haverhill,  Massachusetts. 
Owens,  H,  Thubsion,  September,  1907. 

Vice-President  and  General  Manager,  La  Crosse  Gas  &  Electric 

Company,  La  Crosse,  Wisconsin. 
PapsT,  Hilmak  Maxiuiuan,  March,  1911. 

General  Manager,  Portland  Gas  &  Coke  Company,  Sth  and  Yam- 
hill Streets,  Portland,  Oregon. 
Page,  Cabteb  H.,  Jb.,  October,  1906. 

Manager,  Key  West  Gas  Company,  Key  West,  Florida. 
Paige,  Cuffowj  E.,  March,  1909. 

Superintendent,  Maiden  &  Melrose  Gas  Light  Company,  Maiden, 

Massachusetts. 
Pai,hEb,  a.  J.,  March,  1909. 

Superintendent  of  Works,  Bridgeport  Gas  Light  Company,  799 

Main  Street,  Bridgeport,  Connecticut. 
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Palmes,  E.  H..  October,  1906. 

President,  Auburn  Gas  Company,  Seneca  Falls  &  Wateiioo  Gas 

Light  Company,  Geneva,  New  York. 
Palmex,  Habky  C,  October,  1906, 

Engineer,  Buffalo  Gas  Company,  186  Main  Street,  Buffalo,  New 

York. 
Parchek,  Samuel  L.,  September,  1913. 

Superintendent  of  Gas  Department,  York  Light  Sc.  Heat  Com- 
pany, Z33  Main  Street.  Biddcford.  Maine. 
Parker,  F^ank  H..  October,  1906. 

Manager,    Burlinpon    Light    &    Power    Company,    102    South 

Winooski  Avenue,  Burlington,  Vermont. 
Parker,  Joseph  Smith,  October,  igo6. 

Superintendent,    Frank  ford    District,    United    Gas    Improvement 

Company,  4427  Franktord  Avenue,  Philadelphia,  Pennsylvania. 
Parker,  Richari>  Marsh,  October,  1906, 

General  Manager,  Fort  Dodge  Gas  &  Electric  Company,  24  South 

9«h  Street,  Fort  Dodge,  Iowa. 
pARSHAUn  A.,  March,  1913. 

Consulting  En^neer,  Appraising  Properties  of  Gas  and  Electric 

Companies,  Rochester   Railway  &  Light   Company,  34  Clinton 

Avenue,  North,  Rochester,  New  York. 
Partridge,  Wabren,  September,  1909. 

Penn  Public  Service  Company,  Clearfield,  Pennsylvania. 
Patten,  J.  A.,  October,  1906. 

Manager,  Gas  Company,  Winona,  Wisconsin. 
Paywe,  A.  I.,  October,  1906. 

Consulting  Gas  Engineer,  7  Belmont  Block,  Calgary,  Alberta, 

Canada. 
Pearson,  J.  A.,  October,  1906. 

Purchasing  Agent,  The  United  Gas  Improvement  Company,  1401 

Arch  Street,  Philadelphia,  Pennsylvania. 
Pearson,  W.  H.,  October,  1906. 

34  Sherboume  Street,  Toronto,  Ontario,  Canada. 
Pearson,  W.  H.,  Jr.,  October,  1906. 

Engineer,  Pearson  Carbon  Remover  Company,  809  Woodward 

Avenue,  Detroit,  Michigan. 
Peck,  Henry  W.,  March,  1912. 

Vice-President  and  General  Manager,  Mohawk  Gas  Company, 

Sii  Sute  Street,  Schenectady,  New  York. 
Pelion,  Beet  F.,  October,  1906. 

Superintendent  Gas  Distribution,  St.  Paul  Gas  Light  Company, 

6th  and  Jackson  Streets,  St.  Paul,  Minnesota. 
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Penington,  Dudley  W.,  March,  1912. 

Assistant    Superintendent,    South   Division,    Street   Department, 

Peoples  Gas   Light  &  Coke    Company,   38  West  d+th    Street, 

Chicago,  Illinois. 
Perkins,  Bkkjamin  W.,  October,  1906. 

General  Manager,  Hartford  City  Gas  Light  Company,  565  Main 

Street,  Hartford,  Connecticut. 
Perkins,  Jay  Hugh,  October,  1906, 

Consulting  Electrical  Engineer,  Susquehanna  Railway  &  Light 

Company,  40  Wall  Street,  New  York,  New  York. 
Perry,  Joseph  A.,  October,  1906. 

Assistant  to  General  Superintendent,  United  Gas  Improvement 

Company,  1401  Arch  Street,  Philadelphia,  Pennsylvania. 
Peters,  Henby,  March,  1910. 

Superintendent,  North  Station,  Peoples  Gas  Light  &  Coke  Com- 
pany, 1122  Crosby  Street,  Chicago,  Illinois. 
Pettes,  W.  H.,  October,  [906 

General  Auditor,  Public  Service  Gas  Company,  Post  Office  Bos 

590,  Newark,  New  Jersey. 
Petuia,  Frank  Joseph,  October,  ijo6. 

Gas  Engineer,  care  of  H.  L.  Doherty  &  Company,  60  Wall  Street, 

New  York,  New  York. 
Phelps,  Nelson  Gordon,  September,  1913. 

Industrial  Engineer,  Citizens  Gas  &  Electric  Company,  308  East 

Fourth  Street,  Waterloo,  Iowa. 
Phifer,  Walter  Jakes,  March,  1908. 

With  United  Gas  Improvement  Company,  Vicksburg,  Mississippi. 
Philbrick,  Joseph  E.,  September,  191 1. 

General  Manager,  York  Gas  Company,  127  West  Market  Street, 

York,  Pennsylvania. 
Pipkin,  Jesse  E.,  September,  1913, 

Superintendent,  Station  B,  Laclede  Gas  Light  Company,  Laclede 

Gas  Building,  St.  Louis,  Missouri. 
Pluumer.  H,  W.,  October,  1906. 

Manager,  Asheville  Power  &  Light  Company,  Asheville,  North 

Carolina. 
Polk,  Roger  W.,  Ocober,  1906. 

Engineer,  Laclede- Christy  Clay  Products  Company,  Manchester 

and  Sulphur  Avenues,  St.  Louis,  Missouri. 
PoLLiiT,  L.  Irving,  October,  1906. 

Vice-President  and  General  Manager,  Southern  Gas  &  Electric 

Corporation,  213  Courtland  Street,  Baltimore,  Maryland. 

104 
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P<WTEB,  Edward,  September,  1913. 

Special  Accountant,  General  Audttor't  Department,  United  Gas 

Improvement  Company,   1401   Arch   Street,    Philadelphia,   Penn- 

sylvama. 
Povtsx,  Joseph  F.,  October,  1906. 

President,  Tri-City  Railway  &  Light  Company,  Davenport,  Iowa. 
Powell,  David  A.,  September,  igop. 

Engineer's  Assistant,  Milwaukee  Gas  Light  Company,  182  Wis- 
consin Street,  Milwaukee,  Wisconsin. 
Powell,  William  R.,  October,  1906. 

Superintendent,  Columbus  Gas  &  Fuel  Company,  135  North  Front 

Street,  Columbus,  Ohio. 
Prati,  Edward  G.,  October,  1906, 

Consulting   Gas   Engfineer   and    President,   Boone    (Iowa)    Gas 

Company,  627  Peoples  Gas  Building.  Chicago,  Illinois. 
Prichard,  Charles  F.,  October,  1906. 

Vice-President  and  General  Manager,  Lynn  Gas  &.  Electric  Com- 
pany, 90  Exchange  Street,  Lynn,  Massachusetts. 
Prichard,  Chas.  R.,  September,  1909, 

Superintendent,    Beverly    Gas    &    Electric    Company,    Beverly, 

Massachusetts. 
Priest,  Georce  Hevwood.  March,  1910. 

Gas  Engineer,  Stone  &  Webster  Engineering  Corporation,  147 

Milk   Street,   Boston,   Massachusetts;    R.  F.   D.,    Framingham, 

Massachusetts. 
Printz,  Charles  H.,  October,  1906. 

General  Sales  Agent,  The  Stacey  Manufacturing  Company,  Post 

Office  Station  P,  Cincinnati,  Ohio, 
PuRCEIi,  Theo.  v.,  October,  1906. 

122  South  Michigan  Avenue,  Chicago,  Illinois. 
Putnam.  William  R.,  October,  1906. 

Manager,  with   Utah   Power  &  Light  Company,  Salt  Lake  City, 

Utah. 
QuACKENBUSH,  Charles  H..  October.  1906. 

Manager,  St.  Clair  County  Gas  &  Electric  Company,  414  Uis- 

sour:  Avenue.  East  St.  Louts,  Illinois. 
QuiNW,  A.  K.,  October,  igo6. 

President  and  General   Manager,   Newport  Gas  Light  Company, 

181  Thames  Street,  Newport,  Rhode  Island. 
Raaie,  Charles,  March,  1910. 

Assistant  to   Superintendent,   Consolidated   Gas   Company,   501 

East  2ist  Street,  New  York,  New- York. 
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Rafpekcv,  Jaues  Alovsius,  September,  igia 

Assistant  Superintendent,  Peoples  Gas  Light  &  Coke  Company, 

IT22  Crosby  Street,  Chicago,  Illinois. 
Rausbukc,  Charles  J.,  October,  1906. 

Second  Vice-President,  H.  Koppers  Company,  5  South  Wabash 

Avenue,  Chicago,  Illinois. 
Ramsay,  David  G.,  September,  1908. 

Superintendent,  22d  Street  Station,  Peoples  Gas  Light  &  Coke 

Company,  236  West  63d  Street,  Chicago,  Illinois. 
Rahsdeu.,  GeoRGX  G.,  October,  1906. 

Secretary  and  Treasurer,  American  Gas  Institute,  29  West  39th 

Street,  New  York,  New  York. 
Randolph,  WuiiAit  W.,  October,  1906. 

Consulting  Engineer,  Woolworth  Building,  233  Broadway,  New 

York,  New  York. 
Ray,  W1U.IA11  Daniel,  March,  191 1. 

Manager,  Northern  Indiana  Gas  &  Electric  Company,  571  Hoh- 

man  Street,  Hammond,  Indiana. 
Reed,  Jaues  H.,  Ji..  September,  1909. 

General    Purchasing  Agent,    Philadelphia   Company,  435    Sixth 

Avenue,  Pittsburgh,  Pennsylvania. 
RCED,  Joseph  A.,  March,  1911. 

Assistant   General   Superintendent,    Philadelphia    Company,  435 

Sixth  Avenue,  Pittsburgh,  Pennsylvania. 
Rbes,  Richakd,  October,  1906. 

Superintendent  Bookkeeping  Department,  Peoples  Gas  Light  & 

Coke  Company,  Michigan  Avenue  and  Adams  Street,  Chicago, 

Illinois. 
RnuEBS,  Ftsoesicx  Wu-uah,  September,  1912. 

General   Superintendent,   Peoples   Power   Company,   914   Second 

Avenue,  Rock  Island,  Illinois. 
Reinach,  Hugo  B.,  March,  191 1. 

Assistant  General  Superintendent,  Ccmfimercial  Department,  Con- 
solidated Gas  Company,  124  East  15th  Street,  New  York,  New 

York. 
Reinhard,  Swan  A.,  September,  1910. 

Assistant  Superintendent  of  Works,  Peoples  Gas  Light  &  Coke 

Company,  4634  Drexel  Avenue,  Chicago,  Illinois. 
Reinicker,  Charles  E.,  March,  1912. 

Engineering  and  Street  Departments,  Peoples  Gas  Light  &  Coke 

Company,  122  South  Michigan  Avenue,  Chicago,  Illinois. 
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Reitemeveh,  a.  F.,  Octolier,  [906. 

Superintendent,  Secretary  and  Treasurer,  Perth  Amboy  Gas 
Light  Company,  154  Smith  Street,  Perth  Amboy,  New  Jersey. 

Rew,  Iswin,  October,  1906. 

Vice-President,  DeKalb  County  (III.)  Gas  Company,  and  Ster- 
ling (111.)  Gas  &  Electric  Company,  108  South  LaSalle  Street. 
Chicago,  Illinois. 

Rhoades,  WiiiiAW  R.,  October,  1906. 

General  Manager.  Northern  Central  Gas  Company,  Williams- 
port,  Pennsylvania. 

Rice,  Henky  L-,  October,  1906. 

General  Manager,  iVestern  United  Gas  &  Electric  Company, 
Aurora,  Illinois. 

Richards,  J.  L.,  September,  1907. 

President  and  General  Manager.  Boston  Consolidated  Gas  Com- 
pany, 24  West  Street,  Boston,  Massachusetts. 

Richards,  W.  A.,  October,  1906. 

Mechanical  and  Gas  Engineer,  2i6  North  Carroll  Street,  Madi- 
son Wisconsin. 

Richardson,  Walter  W^  October,  1906. 

President,  Iroquois  Natural  Gas  Company,  205  Iroquois  Build- 
ing, Buffalo,  New  York. 

RrcHTER,  Abthur  W.,  October,  1906. 

Professor  of  Engineering,  University  of  Montana.  Bozeman. 
Montana. 

RiEHA,  Edward  L-,  October,  1906. 

Secretary,  Sumter  Gas  &  Power  Company,  Sumter,  South  Caro- 
lina; 213  Courtland  Street,  Baltimore,  Maryland. 

RisEWY,  William  S.,  October,  1906. 

Secretary  and  Treasurer,  Buffalo  Gas  Company  and  Peoples  Gas 
Light  &  Coke  Company,  iM  Main  Street,  Buffalo,  New  York. 

RiTTER.  Charles  S„  October,  igo6. 

Secretary  and  Assistant  Treasurer,  Detroit  City  Gas  Company. 
Gas  Office  Building,  Detroit,  Michigan. 

Roberts,  E.  C,  September,  1907. 

Division  Agent,  Public  Service  Gas  Company.  114  Main  Street, 
Hackensack,  New  Jersey. 

Roberts,  F.  M.,  October,  1906. 

Manager,  Haverhill  Gas  Light  Company,  109  Merrimack  Street. 
Haverhill,  Massachusetts. 

Roberts,  George  J.,  October,  1906. 

First  Vice-President,  Public  Service  Gas  Company,  759  Broad 
Street,  Newark,  New  Jersey. 
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Roberts,  Geo.  W.,  March,  1909. 

Treasurer,  Bridgeport  Gas  Company,  799  Main  Street,  Bridge- 
port, Connecticut. 
RoBisoN,  Cbaiiles  D.,  October,  1906. 

Consulting  Engineer,  Forstall  &  Robison,  84  VViDiam  Street,  New 

York,  New  York. 
RocBAT,  Henrv,  October,  1906. 

Superintendent    of    Manufacture,    Indianapolis    Gas    Company, 

Majestic  Building,  Indianapolis,  Indiana. 
RoPGEKS,  WiLUAu  Joseph,  Sepember,  1913. 

Assistant   Superintendent  of   Distribution,    Public   Service  Gas 

Company,  2d  and  Cherry  Streets,  Camden,  New  Jersey. 
■  RoESEB,  Charles  J.,  September,  1907. 

Engineer,  Bergen  Division,   Public  Service  Gas  Company,   118 

Main  Street,  Hackensack,  New  Jersey. 
Rogers,  Fred  Alfred.  September.  1913. 

Secretary  and   General   Manager,   Watertown   Light  &    Power 

Company,  137  Arsenal  Sreet,  Watertown,  New  York. 
Rogers,  John  McClelland,  September,  1908. 

Assistant  to  Purchasing  Agent,   Public  Service  Gas  Company, 

759  Broad  Street,  Newark,  New  Jersey. 
Rogers,  W.  H.,  October,  1906. 

Agent,  Passaic  Division,  Public  Service  Gas  Company,  18S  Elli- 
son Street,  Paterson,  New  Jersey. 
RooHAN,  Patrick  F.,  October,  1906. 

Manager,   Adirondack   Electric   Power   Corporation,   491    Broad- 
way, Saratoga  Springs,  New  York. 
Roper,  George  D.,  October,  1906. 

Vice-President,  Boone  (Iowa)  Gas  Company,  Rockford,  Illinois. 
RoSENguEsT,  Eugene  H.,  October,  1906. 

President  and  General  Manager,  Bronx  Gas  &  Electric  Com~ 

pany.  Walker  and  Frisbie  Avenues,  Westchester,  New  York. 
Rosenthal,  Albert,  October,  1906. 

Engineer,  Claiborne.  Johnston  &  Company,  901  Calvert  Building, 

Baltimore,  Maryland. 
Ross,  J.  Charles,  October,  1906. 

Care  of  Thomas  West  &  Company,  Perth  Amboy,  New  Jersey. 
RossuAN,  G.  M.,  October,  1906. 

Treasurer,  Keene  Gas  &  Electric  Company,  18  Roxbury  Street, 

Keene,  New  Hampshire. 
Rowtj^ND,  Charles  L.,  October,  1906. 

Consulting  Engineer,  American  Welding  Company.  Carbondale, 

Pennsylvania. 
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Rowland,  William  L.,  October,  1906. 

Chemical  Engineer,  Henry  Bower  Chemical  Manufacturing  Com- 
pany, aSiS  Gray's   Ferry   Road,   Philadelphia,   Pennsylvania. 
RovcE,  Fbeberick  p.,  October,  1906, 

Stone  &   Webster   Management    Association.    147   Milk   Street, 

Boston,  Massachusetts. 
RuEGENBERC,  JoHN  M.,  March,  1907. 

Superintendent,  Northern  Liberties  Gas  Company,  United  Gas 

Improvement   Company,   3d   and   Brown    Streets,    Philadelphia. 

Pennsylvania. 
Runner,  R.  K.,  October,  1906. 

Secretary,  Gas  Company,  Charles  City.  Iowa. 
Rushy.  John  M.,  October,  1906. 

Engineer   of   Tests,   United  Gas   Improvement   Company,   Broad 

and  Arch  Streets,  Philadelphia,  Pennsylvania. 
Russell,  Daniel  R.,  October,  igo6. 

President,    Parker- Russell    Mining   &   Manufacturing   Company, 

I,ac1ede  Gas  Building.  St,  Louis,  Missouri. 
Russell,  Hekuan,  September,  1907. 

Superintendent   of    Gas    Manufacturing,    Rochester    Railway    & 

Light  Company,  634  Averil!  Avenue,  Rochester,  New  York. 
RuTLEDCe,  Fred  J.,  September,  1909. 

Commercial  Agent,   United  Gas   Improvement   Company,   Broad 

and  Arch  Streets,  Philadelphia,  Pennsylvania. 
Sands,  Howard  T.,  March,  1913. 

General   Manager,  Maiden  &   Melrose  Gas  Light  Company,  201 

Devonshire  Street,  Boston,  Massachusetts. 
Sanforu,  George  Ruccles,  March,  1913. 

Superinendent,   Semet-Solvay   Company,   Geneva,   New  York. 
SarCEant,  Frank  Washbubn,  September.  1908. 

Superintendent  of  Distribution,  Citizens  Gas  Company,  31  South 

Pennsylvania  Street,  Indianapolis,  Indiana. 
Sargent,  Fred  H.,  October,  1906. 

Assistant   Agent,   Lawrence   Gas    Company,   370   Essex    Street, 

Lawrence,  Massachusetts. 
Sawyer,  F.  H.,  Octotwr,  1906. 

General  Manager,  New   Bern  Gas  Compan;-,   New   Bern.  North 

Carolina. 
ScHADDELEE,  Richard,  October,  1906. 

Vice-President,  United  Light  &  Railway  Company,  411  Michigan 

Trust  Building.  Grand  Rapids.  Michigan. 


D.gnzed  by  Google 


775 

ScHAUEK,  Frank  F„  October,  1906. 

Assistant  Engineer,  Kansas  City  Gas  Company,  gio  Grand  Ave- 
nue, Kansas  City,  Uissouri. 
ScHENCK,  Rudolph,  October,  1906. 

Assistant  Engineer,  Peoples  Gas  Light  &  Coke  Company,   122 

South  Michigan  Avenue,  Chicago,  Illinois. 
ScHERCK,  Leon  H.,  October,  1906. 

Sales  Manager,  Central  Hudson  Gas  &  Electric  Company,  50 

Market  Street,  Poughkeepsie,  New  York. 
Schick,  Karl  August,  March,  1911. 

Assistant    Superintendent,    Commercial    Department,    Rochester 

Railway  &  Light  Company,  34  Clinton  Avenue,  North,  Rochester, 

New  York. 
ScBHiER,  Charles  C,  October,  1906. 

Superintendent  of  Meters,  Peoples  Gas  Light  &  Coke  Company. 

122  South  Michigan  Avenue,  Chicago,  Illinois. 
ScHiNDLER,  Morris  Daniel,  September,  1912. 

Manager,  Gas  Light  Company  of  Augusta,  Augusta,  Georgia. 
Senium,  Emu,  G.,  October,  1906. 

President,  Des  Moines   City   Railway   Company,    Des   Momes, 

ScHMii>T,  F.  W.,  October,  1906. 

Division  Agent,  Public  Service  Gas  Company,  84  Sip  Avenue, 

Jersey  City,  New  Jersey. 
Schneider,  Phii,ip  J.,  March,  1911. 

Treasurer,  Central  Union  Gas  Company,  519  Courtlandt  Avenue, 

New  York,  New  York. 
Schobel,  Frederick  A.,  March,  igii. 

Superintendent  of   Distribution,   Municipal   Gas   Company,    II31 

Broadway,  Albany,  New  York. 
Schroeder,  Albert  George,  September,  1912. 

Purchasing  Agent,  Grand  Rapids  Gas  Light  Company.  1 10  Grand 

Avenue,  Grand  Rapids,  Michigan. 
ScHUTt,  Harry  S  ,  October,  1906. 

General  Manager,  C.  H.  Geist  Company,  1127  Land  Title  Build- 
ing, Philadelphia,  Pennsylvania. 
ScHWABE.  Walter  P..  March,  1911. 

General    Manager,    Gas   &   Electric   Company,    Windsor   Locks, 

Connecticut. 
ScHWARu,  C.  A.,  October,  igo6. 

General  Superintendent,  Henry  M.  Wallace  Company,  705  Union 

Trust  Building,  Detroit,  Michigan. 
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ScoBEix,  E.  C,  October,  1906. 

Assistant  Auditor,  Rochester  Railway  &  Light  Company,  34 
Clinton  Avenue,  North,  Rochester,  New  York. 

ScoFiELD,  Thomas,  September,  1910. 

Illuminating  Engineer,  Consolidated  Gas  Company,  124  East  isth 
Street,  New  York,  New  York. 

Scorr,  Alexander  H.,  September,  1908. 

Engineer,  Peoples  Gas  Light  Company,  39  Hanover  Street,  Man- 
chester, New  Hampshire. 

Scorr,  John  Joseph,  September,  1913. 

Superintendent,-  Lewiston  Gas  Light  Company,  88  Shawmut 
Street,  Lewiston,  Maine. 

Scow,  John  M.,  September,  1908. 

Secretary  and  Treasurer.  Kansas  City  Gas  Company,  910  Grand 
Avenue,  Kansas  Cily,  Missouri. 

Scott,  Rossites  Stockton,  March,  1908. 

Assistant  Engineer,  Consolidated  Gas,  Electric  Light  &  Power 
Company,  Baltimore,  Maryland. 

ScRANTON,  GEtHtce  H.,  October,  1906. 

Secretary,  Derby  Gas  Company,  22  Elizabeth  Street,  Derby, 
Connecticut. 

ScRANToN,  WoiTHiNCTON,  October,  1906. 

Vice-President,  Hyde  Park  Gas  Company,  115  Wyoming  Avenue, 
Scranton,  Pennsylvania. 

Seamon,  J.  FtSD,  October,  1906. 

Constructing  Engineer,  United  Gas  Improvement  Company, 
Broad  and  Arch  Streets,  Philadelphia,  Pennsylvania. 

Sea  RLE,  Robert  M.,  October,  1906. 

Vice-President,  Rochester  Railway  &  Light  Company,  34  Clinton 
Avenue,  North,  Rochester,  New  York. 

SecoBD,  Wamen  L.,  October,  J906. 

General  Superintendent  of  Meiers,  Westchester  Lighting  Com- 
pany, First  Avenue  and  First  Street,  Mt.  Vernon,  New  York, 

Seddon,  Saimuel  Venable,  September,  1913. 

Superintendent,  Metropohtan  Works,  Brooklyn  Union  Gas  Com- 
pany, i2th  Street  and  2d  Avenue,  Brooklyn,  New  York. 

Serkill,  W1U.1AU  J.,  October,  1906. 

Engineer  of  Distribution,  Philadelphia  Gas  Works,  United  Ga» 
Improvement  Company,  Broad  and  Arch  Streets,  Philadelphia, 
Pennsylvania. 

1,  Fredk.  Warner,  September,  1912. 
Superintendent  of  Manufacture,  Grand  Rapids  Gas  Light  Com- 
pany, Grand  Rapids,  Michigan. 
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Sevmour.  William  W.,  October,  1906. 

President,  Gray's  Harbor  Gas  Company  of  Aberdeen,  Washing- 
ton, 324  Tacoma  Building,  Taconia,  Washington. 

Shackletic,  R.,  October,  1906. 

Secretary  and  General  Manager,  Big  Rapids  Gas  Company,  Big 
Rapids,  Michigan. 

Sbaxfer,  John  Wallace,  March,  1911. 

Superintendent,  The  Milwaukee  Coke  &  Gas  Company,  1S7 
Greentield   Avenue.   Milwaukee,   Wisconsin. 

SBAFfNES,  Samuel  C,  March,  1907. 

Middle  West  Utilities  Company,  112  West  Adams  Street, 
Chicago,  Illinois. 

Shattuck,  a.  F.,  October,  1906. 

Chief  Chemist,  The  Solvay  Process  Company,  Jefferson  Avenue, 
West,  Detroit,  Michigan. 

Shattuck,  John  D.,  October,  1906. 

General  Manager,  Philadelphia  Gas  &  Electric  Company,  6th  and 
Welsh  Streets,  Chester,  Pennsylvania. 

Shaw,  H.  S.,  October,  1906. 

Treasurer  and  Superintendent,  Webster  Electric  Company,  Web- 
ster, Massachusetts. 

Shaw,  John  Cakoill,  September,  1913. 

Engineer's  Assistant,  Astoria  Light,  Heat  &  Power  Company, 
Astoria,  Long  Island,  New  York, 

Shepaiu^  David  Jaues,  March,  1911. 

Engineer,  205  Hooper  Street,  Brooklyn,  New  York. 

Shhpakd,  Fhei^bick  C,  October,  1906. 

Superintendent,  Minneapolis  Gas  Light  Company.  16  Seventh 
Street,  Minneapolis,  Minnesota. 

Sbepard,  Richard,  September,  1912. 

Superintendent  of  Pavements  and  General  Storekeeper,  Con- 
solidated Gas  Company,  124  East  15th  Street,  New  York,  New 
York. 

Sherwood,  E.  J.,  October,  1906. 

Manager,  Mitchell  Power  Company,  Mitchell,  South  Dakota. 

Sherwood,  M,  S.,  September,  1907. 

Agent,  Gas  Department,  Public  Service  Gas  Company,  112  Moun- 
tain Avenue,  Summit,  New  jersey. 

Shieblek,  Marvin,  September,  1908. 

Gas  Engineer,  30  Church  Street,  New  York,  New  York. 

Shields,  Henrv  C,  March,  1913. 

Vice-President  and  General  Manager,  Troy  Gas  Company,  Troy, 
New  York. 
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StLVEBTHosN,  James  C.  March,  1911. 

Gas  and  Electric  Light  Company,  Evansville.  Indiana. 

Simons,  Keating  Lewis,  September.  1907. 

Vice-President  and  General  Manager,  El  Paso  Gas  and  Electric 
Company,  El  Paso.  Texas. 

SiifPSON,  Colin  C,  March,  1911. 

Assistant  General  Superintendent  of  Mains  and  Services,  Con- 
solidated Gas  Company,  124  East  15th  Street,  New  York,  New 
York. 

StUFSON,  Henry,  March,  191 1. 

Superintendent,  Consolidated  Gas  Company,  112  West  42d  Street, 
New  York,  New  York. 

Singer,  Sidney  ChaklES,  March,  1908. 

Superintendent  of  Distribution,  Syracuse  Lighting  Company, 
143  Mechanic  Street,  Syracuse,  New  York. 

SiKSEL,  Otis  a.,  October.  1906. 

Assistant  Engineer,  Detroit  City  Gas  Company,  57  \\ebb  Avenue, 
Detroit,  Michigan. 

Slade,  Richuond  E.,  October,  1906. 

Manager  Gas  Department,  New  Orleans  Railway  &  Light  Com- 
pany, 201  Baronne  Street,  New  Orleans,  Louisiana. 

Sloan,  J.  C,  October,  1906. 

Manager,  Port  Huron  Gas  Company,  Port  Hiiron,  Michigan. 

Smart,  F.  R.,  Jr.,  October,  1906. 

132  Jamaica  Avenue,  Flushing,  Long  Island,  New  York. 

Smith,  A.  J.,  October,  1906. 

Superintendent,  Concord  Light  &  Power  Company,  90  North 
Main  Street,  Concord,  New  Hampshire. 

Smith,  Elmer  W.,  March,  1907. 

Manager,  Kewanec  Light  &  Power  Company,  Kewanee,  Illinois. 

Smith,  Geo.  P.,'Jb.,  September,  1910. 

Superintendent  of  Distribution,  Old  Colony  Gas  Company, 
Quincy  Avenue,  East  Braintree,  Massachusetts. 

Smith,  J.  Henderson,  September,  1913. 

Chief  Clerk,  General  Auditor's  Department,  United  Gas  Im- 
provement Company,  1401   Arch  Street,  Philadelphia,  Pennsyl- 

Smith,  Louis  C,  September,  1913- 

Manager,   Fulton    County    Gas   &    Electric   Company,    18  East 

Fulton  Street,  Gloversville,  New  York. 
Smith,  Raymond  H.,  March,  1909. 

General    Manager,    Jacksoti   Light    &   Traction    Company,    720 

Arlington  Street.  Jackson,  Mississippi, 
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Snow,  Wiluam  H.,  October,  1906. 

General  Manager,  New  Bedford  Gas  &  Edison  Light  Company, 
125  Middle  Street,  New  Bedford,  Massachusetts. 

SNYirai,  Albert  L,  September,  1911. 

Engineer,  567  Paris  Avenue,  Grand  Rapids,  Michigan. 

Snydes,  Chasles  S.,  March,  1907- 

Superintendent,    West    Philadelphia    District,    United    Gas    Im- 
provement Company,  4650  Market  Street,  Philadelphia,  Pennsyl- 

Skydeb,  Haiwy  L.,  March,  1911. 

Secretary  and  Treasurer,  New  York  &  Queens  Electric  Light  & 

Power  Company,  444  Jackson  Avenue.  Long  Island  City,  New 

York. 
SouBART,  W.  E.,  October,  1906. 

Secretary    and    Treasurer,    Sombart   Gas    Company,    Boonville, 

Missouri. 
S0U1.T,  George  H.,  March,  1911. 

Assistant  District  Superintendent,  Public  Service  Gas  Company, 

I7S  Ridgewood  Avenue,  Ridgewood,  New  Jersey. 
Spancenberc,  Brewster  H.,  October,  1906. 

Toms  River,  New  Jersey. 
Speaker,  George  S.,  March,  191 2. 

Treasurer  and  General  Manager.  Lebanon  Gas  &  Fuel  Company, 

17  North  8th  Street,  Lebanon,  Pennsylvania. 
Spear,  M.  H.,  October,  1906. 

Secretary  and  Manager,  New  York  &  Queens  Gas  Company, 

88  Main  Street,  Flushing,  New  York. 
Spencer.  Eluott  L..  March,  1912. 

Engineer,  Central  Union  Gas  Company,  905  East  138th  Street, 

New  York,  New  York. 
SpERUNC,  Natb.  Jos.,  September,  1909. 

Assistant  Superintendent,  Mechanical  Department,  Astoria  Light, 

Heat  &  Power  Company,  Astoria,  Long  Island,  New  York. 
SpiTzglass,  Jacob  M.,  September,  1912. 

Mechanical  Engineer,  Peoples  Gas  Light  &  Coke  Company,  1701 

Peoples  Gas  Building,  Chicago,  Illinois. 
Spragle,  L.  D.,  October,  1906, 

General  Manager,  Berwick  Gas  Company,  104  Mulberry  Street, 

Berwick,  Pennsylvania. 
Squies,  Harold  Newton,  September,  1912. 

Superintendent,  Hyde  Park  Gas  Company,  115  Wyoming  Avenue, 

Scranton,  Pennsylvania. 
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Stacey,  Frederick  A.,  October,  1906. 

President,  Chillicotbe  Gas  &  Waler  Company.  Chillicothe,  Ohio. 
Stack,  Eiward  M.,  March,  191  o. 

General    Superintendent,    Hyde    Park   Gas    Company,    Scranton, 

Pennsylvania. 
Stanipobd,  AitTKUK  Fowler,  March,  jgoS, 

Vice-President,    Brooklyn    Union    Gas    Company.    180    Remsen 

Street,  Brooklyn,  New  York. 
Stannard,  Clare  N.,  October,  1906. 

Secretary   and    Commercial   Manager,    Denver  Gas   &   Electric 

Company,  900  15th  Street,  Denver,  Colorado. 
Stark,  Arthur  William,  March,  1913. 

Engineer's  Assistant,  Consolidated  Gas  Company  of  New  York. 

124  East  isth  Street,  New  York,  New  York. 
Stealev,  Lee  G.,  March,  1912. 

Manager,  St.  Charles  Lighting  Company,  St.  Charles,  Missouri. 
Steele,  G.  W.,  March,  1909. 

Manager,  Lehigh- Northampton  Light,  Heat  &  Power  Company, 

123  Bridge  Street,  Catasauqua,  Pennsylvania. 
Steikwedell,  Carl,  October,  1906. 

SIS  North  8th  Street,  Quincy,  Illinois. 
Stein WEDELL,  George,  October,  1906. 

Commercial  Manager,  St.  Paul  Gas  Light  Company,  Sixth  and 

Jackson  Streets,  St.  Paul,  Minnesota. 
Steinwedell,  \V.  E.,  October,  1906. 

Secretary,  Gas  Machinery  Company,  1900  Euclid  Avenue,  Cleve- 
land, Ohio. 
Stevick,  Crist  H.,  October,  1906. 

Assistant  Superintendent,  Ravenswood  Works,  New  Amsterdam 

Gas  Company,  237  Grand  Avenue,  Astoria,  Long  Island,  New 

York. 
Stewart.  Samuel  B.,  October,  igo6. 

General  Contracting  Agent,  Philadelphia  Company,  and  Consoli- 
dated Gas  Company,  435  Sixth  Avenue,  Pittsbuish,  Pennsylvania. 
Stii.es,  George  Warren,  September,  1912. 

Superintendent,  Fitchburg  Gas  &  Electric  Light  Company,  Fitch- 
burg,  Massachusetts. 
Stiles,  Harry  B.,  October,  1906. 

Purchasing  Agent,    St.    Paul    Gas   Light   Company,    Sixth   and 

Jackson  Streets,  St.  Paul,  Minnesota. 
Stiles,  Limford  Spearinc,  March,  1910. 

Construction  Engineer,  Brooklyn  Union  Gas  Company,  SS^  Kent 

Avenue,  Brooklyn,  New  York. 


D.gnzed  by  Google 


Stuj,son,  Howard  G.,  October,  igo6. 

Superintendent,  Boone  Gas  Company,  Boone,  Iowa. 
Stilweu.,  John,  September,  igog. 

EfBciency  Engineer,   Consolidated   Gas   Company,   124  East   isth 

Street,  New  York,  New  York. 
Stibzel,  Jacob  W.,  October,  igo6. 

Superintendent  of  Holder  Stations  and  Pumping  Mains,   Phila- 
delphia  Gas   Works,   United   Gas   Improvement   Company,    1401 

Arch  Street,  Philadelphia,  Pennsylvania. 
St.  John,  John,  September,  itjog. 

Secretary  and  Treasurer,    Madison   Gas  &  Electric   Company, 

I20  East  Main  Street,  Madison,  Wisconsin. 
Stone,  C.  H.,  March,  1911. 

Manager,  Gas  Department,  Orange  County  Lighting  Company, 

12  South  Street,  Middletown,  New  York. 
Stone,  Feedewck  W.,  October,  1906. 

Manager,  The  Ashtabula  Gas  Company,  Ashtabula,  Ohio. 
Strain,  G.  A.,  October,  1906. 

Superintendent,  Gas  Department,  Helena  Railway  &  Light  Com- 
pany, Helena,  Montana. 
Stsance,  Hasky  Latiueh,  March,  1911. 

Manager,  Honolulu  Gas  Company,  Ltd.,  Honolulu,  Hawaii. 
Streckeb,  AlExanesk  H.,  October,  1906. 

Consulting    Engineer,    Public    Service    Gas    Company.    235    Mt. 

Pleasant  Avenue,  Newark,  New  Jersey. 
Strobkidgb,  Wm.,  March,  1909. 

Engineer,  United  States  Cast  Iron  Pipe  &  Foundry  Company, 

Burlington,  New  Jersey. 
Strohn,  C.  B.,  October,  1906. 

District   Manager,   Western    United    Gas    &    Electric    Company, 

Elgin,  Illinois. 
Stbohn,  R.  N.,  October,  1906. 

Vice-President  and  Treasurer,  Western   United  Gas  &  Electric 

Company,  Aurora,  Illinois. 
Stroud,  Morris  W.,  October,  1906. 

President,    The    American    Gas    Company,    West    Washington 

Square,  Philadelphia,  Pennsylvania. 
Stuiu.  C,  Rodman,  March,  1909. 

Resident    Manager,    Waukesha- American    Gas    Co.,    Waukesha, 

Wisconsin. 
SucHOMEL,  Thouas,  October,  1906. 

Superintendent  of  Gas  Works,  Cedar  Rapids  Gas  Light  Com- 
pany, 501  6th  Avenue,  Cedar  Rapids,  Iowa. 
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Sullivan,  Beverly  Nathaniel,  March,  1908. 

Manager,    Winston- Salem    Light    &    Fuel    Company,    Winston - 

Salem,  North  Carolina. 
Summers,  George,  October,  1906. 

Chief  Engineer,  Citizens  Gas  Company,  64S  East  21st  Street, 

Indianapolis,  Indiana. 
Sumner,  Arthur  Williaim,  March,  1913. 

Gas   Engineer   and    Manager,   Grays   &   Tilbury   Gaa   Company, 

Bank  Building,  Grays,  Essex,  England. 
Swan,  Geo.  J.,  September,  190?. 

Superintendent,  Consumers  Light,  Heat  &  Power  Company,  214 

East  First  Street,  Topeka,  Kansas. 
SWANN,  Harrv  R.,  October,   1906. 

Chief  Inspector  (ex-OMcio),  Louisville  Gas  Company,  654  South 

Floyd  Street,  Louisville,  Kentucky. 
SwEETMAN,  M.  M.,  October,  i(»6. 

General    Superintendent,    Kansas    Natural    Gas    Company,    3410 

Baltimore  Avenue,  Kansas  City,  Missouri. 
SwEETMAN,  W.  D.,  October,  1906. 

Superintendent,  Peoples  Gas  Light  &  Coke  Company,  122  South 

Michigan  Avenue,  Chicago,  Illinois. 
Tait,  Frank  M.,  October,  1906. 

President,  The  Dayton  Power  &  Light  Company,  IZ4  East  Founh 

Street,  Dayton,  Ohio. 
Talbott,  Frank,  October,  1906. 

Superintendent  and  Treasurer,  City  of  Danville  Water  &  Light 

Department,  Main  Street,  Danville,  Virginia. 
Taussig,  J.  Hawley,  October,  1906. 

Engineer  of  Design,  United  Gas  Improvement  Company,  Broad 

and  Arch  Streets,  Philadelphia,  Pennsylvania. 
Taylor,  Allyn  Chandler,  September,  1908. 

Engineering  Assistant,   Allentown   Gas  Company,  516  Hamilton 

Street,  Allentown,  Pennsylvania. 
Taylor,  John  Byron,  September,  1907. 

Treasurer,  Watertown  Gas  Light  Company,  Watertown,  New 

York. 
Taylor,  Wm.  H.,  September,  1908. 

Manager,  Omaha  Gas  Company,  1509  Howard  Street,  Omaha, 

Nebraska.  • 

Tenney,  Albew  Ball,  September,  190?. 

Vice-President,  Maiden  Electric  Company,  Maiden  &  Melrose 

Gas  Light  Company,  201  Devonshire  Street,  Boston,  Massachu- 
setts. 
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Tenney.  Charus  H.,  October,  1906. 

President,  Springfield  Gas  Company,  Springfield,  Massachusetts. 

Terky,  H.  Wabrgn,  Jb..  October,  1906. 

Superintendent,  Northern  Westchester  Lighting  Company,  127 
Main  Street,  Ossining,  New  York. 

Thomas,  Cabl  C,  March,  1912. 

Professor  of  Mechanical  Engineering,  Johns  Hopkins  University, 
114  Roiand  Avenue,  Baltimore,  Maryland. 

Thomas,  Cbabus  G.  M.,  October,  1906. 

Vice-President  and  General  Manager,  New  York  Ik  Queens 
Electric  Light  &  Power  Company.  244  Jackson  Avenue,  Long 
Island  City,  New  York. 

Thomas,  Nathaniel  W„  September,  1912, 

Chief  Inspector,  Bureau  of  Gas,  1513  Centennial  Avenue,  Phila- 
delphia, Pennsylvania. 

Thomas,  W.  F.,  September,  1907. 

Agent,  Gas  and  Electric  Departments.  Public  Service  Gas  Com- 
pany, 80  Albany  Street,  New  Brunswick,  New  Jersey. 

Thompson,  Clabence  E.,  September,  1912, 

President,  Wallingford  Gas  Light  Company,  810  Chapel  Street, 
New  Haven,  Connecticut. 

Thompson,  Paiji.,  October,  1906. 

Fihh  Vice-President,  The  United  Gas  Improvement  Company, 
Broad  and  Arch  Streets,  Philadelphia,  Pennsylvania. 

Thomson,  Geokce  W,,  October,  1906. 

Manager,  New  Business  Department,  Philadelphia  Suburban  Gas 
&  Electric  Company,  6th  and  Welsh  Streets,  Chester,  Pennsyl- 

Thomson,  W.  H.,  Jr..  September,  1908. 

Chief  Operating  Engineer,  Des  Moines  Electric  Company,  Des 

Moines,  Iowa. 
Thorn.  Fredx.  Godfrey,  Jb.,  October,  1906, 

Engineer  of  Construction,  Philadelphia  Gas  Works,  1401  Arch 

Street.  Philadelphia,  Pennsylvania. 
Thuuan,  Fbedemc,  September,  1907. 

Chief  Engineer  and  General  Manager,   Humphreys  &  Glasgow, 

38  Victoria  Street,  London,  S.  W.,  England. 
Thwinc,  ObsEll  O..  October,  1906. 

Chief    Engineer.    Western    Gas    Construction    Company,    3003 

Thompson  Avenue,  Fort  Wayne,  Indiana. 
TiHCKEs.  T.  Symmes.  September,  1911. 

Superintendent  of  Manufacture,  Washington  Gas  Light  Com- 
pany, 3918  New  Hampshire  Avenue,  N.  W.,  Washington,  District 

of  Columbia. 


D.gnzed  by  Google 


784 

Tippy,  B.  O.,  October,  1906. 

Consulting  Engineer,  710  Union  Trust  Building,  Detroit,  Mich- 
igan. 

Tippy,  Charles  W.,  October,  1906. 

Care  of  Hodenpyl,  Hardy  &  Company,  3004  Dime  Bank  Build- 
ing, Detroit,  Michigan. 

TiTZEL,  R.  John.  September,  igit. 

Gas   Engineer,    United   Gas   &   Electric   Corporation,   40   Wall 
Street,  New  York,  New  York. 

ToBEY,  Fbahklin,  Jr.,  October,  1906. 

Manager,   Kingston  Gas  &  Electric   Company,  611    Broadway, 
Kingston,  New  York. 

ToLUAN,  William  N.,  October,  1906. 

Constructing  Engineer,  United  Gas  Improvement  Company,  1401 
Arch  Street,  Philadelphia,  Pennsylvania. 

Tompkins,  John  P.,  October,  1906. 

Secretary  and  Treasurer,  Heat,  Light  &  Power  Company,  Pleas- 
antville,  New  Jersey. 

TowNSEKD.  Alered  Fkeeuan,  September,  1913. 

Manager,  Blackstone  Valley  Gas  &  Electric  Company,  3  Clinton 
Street,  Woonsocket,  Rhode  Island. 

Traver,  a.  p.,  October,  1906. 

Superintendent,  Gas   Department,  Gas  &  Electric  Company,  900 
ISth  Street,  Denver,  Colorado. 

Travis,  Frank  M.,  October,  1906. 

Secretary,  Winsted  Gas  Company;  Treasurer,  Torrington  Elec- 
tric Light  &  Gas  Company,  58  Church  Street,  Torrington,  Con- 


Treleaven,  L.  G.,  September,  1907. 

Secretary  and  Manager,  Consumers  Light,  Heat  &  Power  Com- 
pany, 824  Kansas  Avenue,  Topeka,  Kansas. 
Tripp,  Georce  B.,  September,  1910. 

Vice-President  and  General  Manager,  Harrisburg  Light  &  Power 

Company,  Harrisburg,  Pennsylvania. 
Tucker,  C.  A.,  October,  1906. 

Assistant  Treasurer,   Rochester   Railway   Sc   Light   Company,   34 

Clinton  Avenue,  North,  Rochester,  New  York. 
TuLL,  LuciEN,  P.  F.,  October,  1906. 

Auditor,   New  Amsterdam  Gas  Company,  2J  East  32d   Street, 

New  York,  New  York. 
Turner,  Alfred  E-,  September,  1912. 

Assistant  General  Superintendent  of  Meters,  Consolidated  Gas 

Company,  124  East  15th  Street,  New  York,  New  York. 


D.gnzed  by  Google 


785 

TusHEv,  Henky  D.,  October,  1906. 

President,  The  Colutnbus  Gas  &  Fuel  Company,  135  North  Front 

Street,  Columbus,  Ohio. 
TurrtE.  W.  B.,  October,  1906. 

Vice-President  and  General  Manager,  San  Antonio  Gas  &  Elec- 
tric Company,  305  East  Houston  Street,  San  Antonio,  Texas. 
TuTwiLER,  Carbington  Cabeu^  October,  1906. 

Consulting  Chemist,  1630  Real  Estate  Trust  Building,  Philadel- 
phia, Pennsylvania, 
Uhlic,  Edwabd  C,  March,  igii. 

Chief  Chemist,  Brooklyn  Union  Gas  Company,  jih  and  Hoyt 

Streets,  Brooklyn,  New  York. 
UNiwitRiu,,  Henry  L-,  September,  1908. 

Assistant  Engineer  of  Manufacture,  Consolidated  Gas  Company 

of  New  York,  Astoria,  Long  Island,  New  York. 
Vance,  Chaup  Shepherd,  September,  1910. 

Third  Vice-President,  Los  Angeles  Gas  &  Electric  Corporation, 

645  South  Hill  Street,  Los  Angeles,  California. 
Van  den  Dbiessche,  Achilles,  September,  1910. 

Assistant  Engineer,  Consolidated  Gas  Company,  124  East  15th 

Street,  New  York,  New  York. 
Van  Ness,  L.  G.,  October,  1906. 

Secretary,  The  Merchants  Power  Company,  48  North  Second 

Street,  Memphis,  Tennessee. 
Vandeb  WniiCEN,  T.  A.,  September,  1908. 

Continental  Representative  of  Humphreys  &  Glasgow,  Ltd.,  209 

Chaussee  D'lxelles,  Brussels,  Belgium. 
ViHCENT,  G.  I.,  October,  1906, 

Engineer,  Des  Moines  Gas  Company,  412  7th  Street,  Des  Moines, 

Iowa. 
vonMaub,  Jacob  D.,  October,  1906. 

Superintendent  of   Distribution,  Laclede  Gas   Light   Company, 

nth  and  Olive  Streets,  St.  Louts,  Missouri. 
VON  Phul,  William,  September,  1912. 

Member  of  firm  Ford,  Bacon  &  Davis,  Engineers,  921   Canal 

Street,  New  Orleans,  Louisiana. 
VON  Stabzenski,  Victor,  March,  190Q. 

Superintendent,  Mohawk  Gas  Company,  511  State  Street,  Sche- 
nectady, New  York. 
vonVittinghoef,  Hans,  September,  1908. 

Secretary  to  Vice-President,  Stone  &  Webster,  147  Milk  Street, 

Boston,  Massachusetts. 
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VooBHEES,  Akdkew  John,  March,  1913. 

Secretary   to    Vice-President,    Brooklyn    Union    Gas    Company, 

180  Remsen  Street,  Brooklyn,  New  York. 
Wacneb,  FkED  H.,  March,  1907. 

Engineer,  Gas  Light  Company  of  Augusta  (Ga.).  I'PQ  Madison 

Avenue,  Baltimore,  Maryland. 
Wainwwcbt,  Arthur  V.,  October,  1906. 

General   Manager,  American   Public   Service  Company,   Abilene, 

Texas. 
Waldron,  Charles,  Jr.,  September,  1908. 

Assistant    Manager,    Kingston    Gas    &    Electric    Company,    611 

Broadway,  Kingston,  New  York, 
Walker,  Edwin  M.,  October,  1906. 

General  Manager,  Union  Electric  Company,  Dubuque,  Iowa. 
Walker,  M.  T.,  October,  1906. 

Manager,  Beaumont  Gas  Ught  Company,  Beaumont,  Texas, 
Wallace,  R.  A.,  October,  1906, 

Manager,  Quebec  Gas  Company,  Quebec,  Canada. 
Wallace,  Ross  Strawn,  March,  1913. 

Second   Vice-President   and    General   Manager,   Peoria  Gas   ft 

Electric  Company,  316  South  Jefferson  Avenue,  Peoria,  Illinois. 
Wallace,  Scott  Henry,  September,  1912. 

Assistant  General   Manager,   St  Louis  County  Gas   Company, 

Lockwood  and  McClure  Avenues,  Webster  Groves,  Missouri, 
Walter,  E.  P.,  September,  1913. 

Engineer,  United  Gas  Improvement  Company,  1401  Arch  Street, 

Philadelphia,  Pennsylvania. 
Walters,  Benj.  S.,  October,  1906. 

Manager,  Norihern  Indiana  Gas  &  Electric  Company,  215  South 

Michigan  Street,  South  Bend,  Indiana. 
Waring,  George  H.,  October,  1906. 

Vice-President  and  General  Manager,  Charleston  Consolidated 

Railway  &  Lighting  Company,  141  Meeting  Street,  Charleston, 

South  Carolina. 
WaruihcTOn,  Daniel  R-,  October,  1906. 

1804  East  63d  Street,  Cleveland,  Ohio. 
Warmer,  George  H.,  October,  1906. 

Secretary  and  Treasurer,  William  M.  Crane  Company,  16  West 

32d  Street,  New  York,  New  York. 
Warnick,  John  H.,  September,  1908. 

Superintendent  of  Manufacture,  Omaha  Gas  Company,  20th  and 

Centre  Streets,  Omaha,  Nebraska. 
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Watehblry,  Herbert  Jessup,  September,  1910. 

Manager,  Marquette  Gas  Light  Company,  Marqiietie,  Michigan. 
Watebs,  John  A.,  October,  ipo6. 

Assistant  Superintendent,  Gai  Department,  The  Stamford  Gas 

&  Electric  Company,  805  Atlantic  Street,  Stamford,  Connecticut. 
Way,  Auxandek  B.,  September,  igii. 

Chief  Chemist,  New  England  Gas  &  Coke  Company,  Everett, 

Massachusetts. 
Webeb,  F.  C,  September,  ipio. 

Engineer,  243  Crosby  Street,  Akron,  Ohio. 
Webeb,  Theo.  J.,  September,  1908. 

Consulting   Engineer,   United  Light  &  Railway   Company,  833 

Michigan  Trust  Building,  Grand  Rapids,  Michigan. 
Wehhek,  Apolpk  Frepebick,  October,  1906. 

Secretary,  Isbell-Porter  Company,  46  Bridge  Street,  Newark,  New 

Jersey. 
VVehnebt,  H.  C,  September,  1913. 

Superintendent,  Station  A,  Laclede  Gas  Light  Company,  Laclede 

Gas  Building,  nth  and  Olive  Streets,  St,  Louis,  Missouri. 
Weiscerber,  Ebwin  C,  October,  1906. 

General   Manager,    Cedar   Rapids   Gas   Light  Company,    Third 

Street  and  Fourth  Avenue,  Cedar  Rapids,  Iowa. 
Welch,  John  S^  October,  1906. 

Manager,   Industrial    Division,   The   United    Gas   Improvement 

Company,  1035  Market  Street,  Philadelphia,  Pennsylvania. 
\^'ei.ch,  WitxiAif  McNair,  October,  1906. 

Mechanical  Engineer,  The  Mexican  Eagle  Oil  Company,  Tam- 

pico,  Mexico. 
Welsh,  Wiu-iam  J.,  October,  19D& 

President  and  Manager,  New  York  &.  Richmond  Gas  Company, 

694  Bay  Street,  Stapleton,  New  York, 
Werner,  Louis  H.,  September,  1910. 

Secretary,  Central  Union  Gas  Company,  519  Courtlandt  .\venue. 

New  York,  New  York. 
Westcott,  John  Townsend,  October,  1906. 

Consulting  Engineer,   11    Strawberry  Hill   Road,   Twickenham, 

London,  England. 
Weston,  Edgab  C,  September,  1912. 

Superintendent,  Gas  Light  Company,  240  Court  Street,  Middle- 
town,  Connecticut. 
Wheeler,  Fred  B.,  October,  1906. 

Gas  Engineer,  H.  M.  Byllesby  &  Company,  Insurance  Exchange 

Building,  Chicago,  Illinois. 
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Wheeleb,  H.  a.,  September,  1907. 

Agent,  Gas  and  Electric  Departments,  Public  Service  Gas  Com- 
pany, 27  West  8ih  Street,  Bayonne,  New  Jersey. 

Whiffle.  Henby  S.,  October,  igo6. 

Manager,  Rockford  Gas  Light  &  Coke  Company,  201  Mulberry 
Street,  Rockford,  Illinois. 

Whiicomb,  H,  D.,  October,  igo6. 

General  Manager,  Public  Service  Gas  Company,  Room  608, 
Public  Service  Building,  Newark,  New  Jersey. 

White,  Alfred  H.,  September,  1909, 

Professor  of  Chemical  Engineering,  University  of  Michigan, 
71s  Church  Street,  Ann  Arbor,  Michigan, 

White,  Henby  H.,  October,  1906, 

504  Waldorf  Apartments.  Seattle,  Washington. 

White,  John  T„  March,  1911. 

Superintendent  of  Street  Main  Department,  Brooklyn  Union 
Gas  Company,  S  Skillman  Street,  Brooklyn,  New  York. 

WhitelSv,  Benjamin,  September,  1908. 

Assistant  Treasurer,  Consolidated  Gas  Company  of  New  York, 
124  East  isth  Street,  New  York,  New  York. 

Whitney,  Roy  Foxwell,  March,  1910. 

General  Manager  and  Treasurer,  Peoples  Gas  &  Electric  Com- 
pany, 70  East  First  Street,  Oswego,  New  York. 

Whittakeb,  Alan  Dean,  October,  jgio. 

Superintendent  of  Works,  Atlanta  Gas  Light  Company,  38  Thur- 
mond Street,  Atlanta,  Georgia. 

Wbitton,  W.  H.,  October,  1906. 

Secretary  and  Treasurer,  Laclede  Gas  Light  Company,  nth  and 
Olive  Streets,  St.  Louis,  Missouri. 

Whit  well,  L.  M.,  March,  1909. 

General  Superintendent,  Semet-Solvay  Company,  Syracuse,  New 
York. 

Whitwell,  Sanfobd  N.,  September,  1912. 

General  Auditor,  Washington  Gas  Light  Company,  Post  Office 
Drawer  817,  415  loth  Street,  N.  W.,  Washington,  District  of 
Columbia. 

WHY3ALL,  George,  October,  igo6. 

Consulting  Engineer,  Hamilton  (Ontario)  Gas  Light  Company. 
Marion,  Ohio. 

Wilde,  Charles,  March,  1908. 

Engineer  of  Mains,  Philadelphia  Suburban  Gas  &  Electric  Com- 
pany, 6th  and  Welsh  Streets.  Chester,  Pennsylvania. 
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WiLDEB,  Stuart,  September,  1912. 

Vice-President    and    General    Manager.    Northern    Westchester 

Lighting  Company,  First  Avenue  and  First  Street,  Mt.  Vernon, 

New  York. 
Whey,  Lvman  A.,  March,  1910. 

Secretary,    Peoples    Gas    Light    &    Coke   Company,    laa    South 

Michigan  Avenue,  Chicago,  Illinois. 
WiLKE.  Arno  C,  March,  1909. 

Chemist,   Milwaukee  Gas  Light  Company,    1035  Third   Street, 

Milwaukee,  Wisconsin. 
Wilkinson,  A.  L-,  October,  igo6. 

Treasurer,  National  Gas,  Electric  Light  &  Power  Company,  1714 

Ford  Building,  Detroit,  Michigan. 
WiLLABD,  Fred  A.,  March,  1907. 

With  Corrigan  &  Company,  Michigan  Trust  Building,  Grand 

Rapids,  Michigan. 
WiixiAMS,  E.  H.,  October,  1906. 

Agent  and  Superintendent.  United  Gas  Improvement  Company, 

Waterbury,  Connecticut, 
WnxiAMS,  Hebbebt  G.,  October,  1906. 

Manager,  Peoples  Gas  Company,  Pottstown,  Pennsylvania. 
WoUAifs,  LuTHEB  S.,  October,  1906. 

Manager,  Harrisburg  Gas  Company,  Harrisburg,  Pennsylvania. 
WmiAMs,  Wjluam  L.,  October,  1906. 

Engineer  (Retired),  Public  Service  Gas  Company,  63  Twelfth 

Avenue,  Paterson,  New  Jersey. 
WnjjAMSOK,  John,  October,  1906. 

Vice-President  and  Consulting  Engineer,  Peoples  Gas  Light  & 

Coke  Company,  122  South  Michigan  Avenue,  Chicago,  Illinois. 
Willis,  Chakles  M.,  March,  1907. 

Assistant  Gas  Engineer,  J.  G.  White  Management  Corporation, 

Operating  Department,  43  Exchange   Place,   New   York,   New 

York. 
WaAS,  John  Valentine,  September,  1911. 

Superintendent  of  Gas  Works,  Indiana  Lightinj  Company,  Barr 

and  Superior  Streets,  Fort  Wayne,  Indiana. 
Wilson,  G.  J,,  October,  1906. 

Fort  Tryon  Hall,  196th  Street  and  Fort  Washington  Avenue, 

New  York,  New  York. 
Wilson,  H.  H.,  March,  1907. 

Manager,  Wausau  Gas  Company,  Wausau,  Wisconsin. 
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Wilson,  Rodney  M.,  September,  1912. 

Chief  Draughtsman,  Department  of  Mains  and  Services,  Con- 
solidated Gas  Company  of  New  York,  124  East  isth  Street,  New 
York,  New  York. 

Wilson,  W.  A..  October,  1906, 

Superintendent,  Rock  ford  Gas  Light  &  Coke  Company,  Rock- 
ford,  Illinois. 

Wing,  John  Fhanklin,  March,  1908, 

Superintendent,  Everett  Station,  Boston  Consolidated  Gas  Com- 
pany, Everett.  Massachusetts. 

WiTHEKBY,  Edwin  C„  October,  1906. 

General  Superintendent,  Semet-Solvay  Company.  Syracuse,  New 
York. 

WiTHEKBV,  Edwin  E.,  October,  1906. 

District  Manager,  General  Vehicle  Company,  612  Otis  Building. 
La  Salle  and  Madison  Streets,  Chicago,  Illinois. 

Woi.Pi',  Samuel  E.,  October,  1906. 

Care  of  Hodenpyl,  Hardy  &  Company,  14  Wall  Street,  New 
York,  New  York. 

Wood.  Stuart,  October,  1906. 

Treasurer,  Macon  (Ga.)  Gas  Light  &  Water  Company,  400 
Chestnut  Street,  Philadelphia,  Pennsylvania. 

Wood,  William  Austin,  October,  1906. 

First  Vice-President  and  Engineer-in -Chief,  Boston,  Consoli- 
dated Gas  Company,  24  West  Street,  Boston,  Massachusetts. 

Wood,  Williaic  Musgrave.  September,  1907. 

The  United  Gas  Improvement  Company,  1401  Arch  Street,  Phila- 
delphia, Pennsylvania. 

WooDALL,  Geobce  Hexsbrt,  September,  1908. 

General  Manager  and  Engineer.  Brooklyn  Borough  Gas  Com- 
pany, Surf  Avenue  and  West  12th  Street,  Coney  Island,  New 
York. 

Woods,  George  E.,  October,  1906. 

Assistant  Chief  Engineer,  Consolidated  Gas  Company  of  New 

York,  124  East  isth  Street,  New  York,  New  York. 
WoRTENDYKE,  I.  F.,  October,  1906, 

Superintendent,  New  Gas  Light  Company,  7  North  Main  Street, 

Janes ville,  Wisconsin. 
WoBTHiNG,  Leigh  E.,  September,  1911. 

Chief  Chemist,  Detroit  City  Gas  Company,  Gas  Office  Building, 

Detroit,  Michigan. 
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WwGHT,  E.  J.  H.,  October,  1906. 

Secretary  and  Manager.  Northwestern  Gaa  I,iglit  &  Coke  Com' 
pany,  115  North  Oak  Park  Avenue,  Oak  Park,  Illinois. 

WwCHt,  W.  H.,  October,  1906. 

Engineer  of  Operation,  United  Coke  &  Gas  Company,  6  Church 
Street,  New  York,  New  York. 

Wbichtincton,  Edcar  N.,  October,  1906. 

Secretary  and  Manager,  Commercial  Department,  Boston  Con- 
solidated Gas  Company,  24  West  Street,  Boston,  Massachusetts. 

WiiEST,  Henry  Andkew,  September,  1908. 

Chief  Clerk,  Brooklyn  Union  Gas  Company,  Foot  North  12th 
Street,  Brooklyn,  New  York. 

VVyant,  Robcbt  E..  October,  1906. 

Engineer,  New  Haven  Gas  Light  Company,  80  Crown  Street, 
New  Haven,  Connecticut. 

Wyman,  Waiter  S.,  September,  191a. 

Treasurer  and  General  Manager,  Central  Maine  Power  Com- 
pany, 311  Water  Street,  Augusta,  Maine. 

YouNC,  Ai,PiED  W.,  October,  1906. 

Superintendent,  Knoxville  Gas  Company,  Knoxville,  Tennessee. 

YouKC,  John  T.,  March,  1907. 

General  Manager,  Grand  Rapids  Gas  Light  Company,  Grand 
Rapids,  Michigan. 

Young,  Pebcy  S..  October,  1906. 

Comptroller,  Public  Service  Gas  Company.  763  Broad  Street, 
Newark,  New  Jersey. 

Young,  Peter,  October.  1906. 

Vice-President  and  General  Manager,  Washington  Gas  Light 
Company,  315  loth  Street,  N.  W.,  Washington,  District  of 
Columbia. 

Young,  R.  R.,  October,  1906. 

General  Agent,  Public  Service  Gas  Company,  573  Broad  Street. 
Newark,  New  Jersey. 

Young,  Robert  W.  H.,  March,  1911. 

Superintendent  of  Works,  Consolidated  Gas  Compai.y,  3300  Sec- 
ond Avenue.  Pittsburgh,  Pennsylvania. 

Zeek,  Charles  F..  October.  1906. 

Superintendent,  Pensacola  Gas  Company,  27  East  Garden  Street. 
Pensacola.  Florida. 

Total  .\ctive  Members 1104 
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AhurandT,  G.  F.,  March,  1913. 

Metallurgical  Engineer,  American  Rolling  Mill  Company,  Middle- 
town.  Ohio. 

AiKiN,  Hugh  Caihton,  October,  igo6. 

Eastern  Sales  Manager,  Eclipse  Gas  Stove  Company,  nth  and 
Madison  Streets,  Chester,  Pennsylvania. 

Annett,  Edwakc  BurdGTT,  September,  1911. 

Inspector  of   Gas,    Public   Utility   Commission,  .State  of   New- 
Jersey,  738  Broad  Street,  Newark,  New  Jersey. 

ASENDOHf.  Carl  F.,  October,  1906. 

Representative,  Charles  H.  Dickey  Sc  Company,  38  South  Jeffer- 
son Street,  Chicago,  Illinois. 

.^rwATEB,  C.  G.,  October,  1906. 

Engineer,  .\merican  Coal  Products  Company,  17  Battery  Place. 
New  York,  New  York. 

AuE,  Joseph  E.,  October,  1906. 

Mechanical  Engineer,  with  De  La  Vergne  Machine  Company, 
Foot  of  East  138th  Street,  New  York,  New  York. 

Azov,  Anastasio,  C.  M.,  October,  igo6. 

Manager,  Ber wind- White  Coal  Mining  Company,  I  Broadway, 
New  York,  New  York. 

B.'lLDWIN,  Abram  T.,  September,  1912. 

President  and  General  Manager,  Precision  Instrument  Company, 
102  Randolph  Street,  Detroit,  Michigan. 

Balz,  Geokge  Adam,  March,  1911. 

Manager,  Didier-March  Company,  Gas  Engineers,  Perth  Amboy, 
New  Jersey. 

BABBotJB,  William  Tefft,  October,  1906. 

President,  Detroit  Stove  Works,  1320  Jefferson  Avenue,  Detroit, 
Michigan. 

Baktlett,  John  Ckaweorii,  September,  1908. 

President,  Bartlett  &  Company,  Inc.,  1938  Market  Street,  Phila- 
delphia, Pennsylvania. 

BehringEk,  Edward  A.,  October,  1906.  ' 

94  Warren  Street,  New  York,  New  York. 

Bebry,  F.  K.,  October,  1906. 

President,  A.  B.  Stove  Company,  Bailie  Creek,  Michigan. 

Bettle,  WiLLiAJi  H.,  March,  1908. 

Superintendent,  Appliance  Department,  Century  Stove  &  Manu- 
facturing Company,  415  San  Pedro  Street,  Los  Angeles,  Cali- 
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BiGELow.  Lfcius  Sevmour,  October,  1906. 

Editor,  The  Gas  Industry,  64  Pearl  Street,  Buffalo.  New  York. 
Bingham,  R.  W'.,  October,  1906, 

Contract  Agent,  Welsbach  Street  Lighting  Company  of  America. 

Peoples  Gas  Building.  Chicago,  Illinois. 
Blinks,  Walteb  M.,  October.  1906. 

Assistant    Manager,    General    Gas    Light    Company,    Park   and 

Water  Streets,  Kalamazoo,  Michigan, 
BooTHE,  George  P.,  October,  1906, 

Superintendent,  S.  R.  Dresser  Manufacturing  Company.  Boylston 

Street,  Bradford,  Pennsylvania. 
Briu,  Alfred  P.,  October,  igo6. 

General    Manager,    Ruud    Manufacturing    Company,    39th    and 

Smallman  Streets,  Pittsburgh,  Pennsylvania. 
Brown.  William  Laird,  September,  1912. 

Assistant   Manager,    Helme   &    Mcllhenny,    1339   Cherry   Street, 

Philadelphia,  Pennsylvania. 
Buckley,  John  C,  October.  1906. 

Traveling    Salesman,    George    M,    Clark   &    Company   Division, 

American  Stove  Company,  179  North  Michigan  Avenue,  Chicago, 

Illinois. 
BuELL,  Wm.  C,  Jr.,  September,  1909. 

Secretary  and  General  Manager,  Wes 

pany,  9  Codding  Street,  Providen 
Bunneu.,  Sterling  H..  October,   1906. 

Engineer-in-Chief,    Griscom-Russell    Company,   90   West    Street, 

New  York,  New  York. 
Caldwell,  Jas.  Henhv,  September,  1909. 

President,  Ludlow  Valve  Company,  Troy,  New  York. 
Carpenter,  Frank,  March,  1911. 

Commercial    Department,   Welsbach   Gas  Lamp   Company.   392 

Canal  Street,  New  York,  New  York. 
Carpenieh,  H.  a.,  October,  1906. 

Vice-President,  Riter-Conley  Manufacturing  Company,  56  Water 

Street,  Pittsburgh,  Pennsylvania. 
Cartwricht,  Henry  R.,  October,  1906. 

Manager,  Philadelphia  Factory.  American  Meter  Company.  Arch 

and  2zd  Streets,  Philadelphia,  Pennsylvania. 
Cavenagh,  Frank,  March,  1911. 

Western  Representative,  C.  H.  Dickey  4  Company,  1811  Peoples 

Gas  Building.  Chicago,  Illinois. 
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Chafin,  Edwin  S.,  March,  1908- 

V ice- President,  WeUbach  Gas  Lamp  Company,  392  Canal  Street, 

New  York,  New  York. 
Cheesman,  Frank  P.,  October,  1906. 

Partner,  Cheesman  &  Elliot,   100  William   Street,   New  York, 

New  York. 
Chisholu,  Cbables  T.,  October,  1906. 

Traveling   Representative.   General   Gas   Light    Company,    Kala- 
mazoo, Michigan. 
Clader,  Willi  All  A.,  March,  1912. 

Secretary  and  General  Manager.  The  Audit  Company  of  Phila- 
delphia, 1 125  Land  Title  Building,  Philadelphia,  Pennsylvania. 
Claibobne,  Csas.  H.,  March.  1909. 

General  Sales  Manager.  Union  Mining  Company,  Manufacturers 

Mount   Savage  Fire  Brick,   1113  Fidelity  Building,   Baltimore, 

Maryland. 
Clark.  Charles  J.,  March,  1911. 

Vice-President,   Hunter  &   Dickson   Company,   2^5   .\rch   Street, 

Philadelphia,  Pennsylvania. 
Clifford,  Thouas  C,  October,  1906. 

General   Agent,    Pittsburgh    Meter   Company,    East   Pittsburgh, 

Pennsylvania. 
CoKROY,  Jakes  P.,  March,  1913. 

Manager,  General  Gas  Light  Company,  46  West  Broadway,  New 

York,  New  York. 
Cooke,  Horace  G„  September,  1913. 

Sales  Agent,  Connersville  Blower  Company.  114  Liberty  Street, 

New  York,  New  York. 
CoRBUs,  F.  G.,  October,  1906, 

Superintendent,  Retail  Departments,  Welsbach  Company,  United 

Gas  Improvement  Company  Building,   Broad   and  Arch   Streets, 

Philadelphia.  Pennsylvania. 
Cressler.  Alfred  M.,  October,  1906. 

Treasurer,   The   Kerr  Murray  Company,   Peoples  Gas   Building, 

Chicago,  Illinois. 
Cressler,  GEORdE  H.,  October,  1906. 

Sales  Manager,  The  Kerr  Murray  Company,  Peoples  Gas  Build- 
ing, Chicago,  Illinois. 
Cruse,  ,\rtbur  R..  October,  1906. 

Manager,  Cruse  Engineering  Company,  Trenton,  New  Jersey. 
Daly,  David  R.,  October,  19061 

Vice-President  and  Treasurer,  J.  H.  Gautier  &  Company,  Green 

and  Essex  Streets,  Jersey  City,  New  Jersey, 
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Daniels,  Clarence  F.,  March,  1911. 

Salesman,  Detroit  Stove  Works,  2921  LaSalle  Street,  Chicago, 
Illinois. 

DeHam,  J.  S.,  Jr..  October,  1906. 

President,   Isbell-Porter  Company,  46  Bridge   Street,   Newark, 
New  Jersey. 

Dickey,  Edmund  S.,  October,  1906, 

Member  of  Charles  H.  Dickey  &  Company,  Guilford  Avenue  and 
Saratoga  Street,  Baltimore,  Maryland. 

DouCHEtiY,  Chaw.es,  September,  1910. 

Air  Compressor  and  Pneumatic  Tool  Salesman,  Inge rsoll- Rand 
Company,  11  Broadway,  New  York,  New  York. 

Drew,  Wiluam  Thomas,  March,  1911. 

Vice-President  and  Superintendent,  New  York  Improved  Meter 
Company,  Inc.,  306  East  47th  Street,  New  York,  New  York. 

Earhshaw,  Wahneh  G.,  September,  1908. 

General  Sales  Manager,  Barnes  &  Tucker  Company,  213  Harri- 
son Building,  Philadelphia,  Pennsylvania. 

EiSENMAN,  F.  N.,  September,  1908. 

District  Sales  Manager,  Gulf  Refining  Company,  110  State  Street, 
Boston,  Massachusetts. 

Elmer,  Charles  Bliss,  September,  1913, 

Vice-President  and  Treasurer,  General  Gas  .Appliance  Company, 
103  Park  Avenue,  New  York,  New  York. 

Esau,  Ralph,  October,  1906. 

Manager  of  Sales,  Barrett  Manufacturing  Company,  1200  Otis 
Building,  Chicago,  Illinois. 

Fairchild,  Sauuel  E.,  Jr.,  September,  1912. 

President,  Cruse-Kemper  Company,  Ambler,  Pennsylvania ;  6910 
West  Wissahickon  Avenue,  Mt.  Airy,  Philadelphia,  Pennsylvania. 

FisHEH,  Thomas  J.,  October,  1906. 

Superintendent  Street  Lighting,  Washington  Gas  Light  Company, 
District  Building,  Washington,  District  of  Columbia. 

FoERSIERUNG,  Dr.  H.,  September,  1909. 

Second   Vice-President,   Roessler  &   Hasslacber   Chemical   Com- 
pany, High  Street,  Perth  Amboy,  New  Jersey. 

Fowler,  J.  Scott,  October,  1906. 

Vice-President,    Deily    &    Fowler    Manufacturing   Company,    39 
Laurel  Street,  Philadelphia,  Pennsylvania. 

Frampton,  R.  C,  March,  1907. 

President,  Pittsburgh  Water  Heater  Company,  Pit'sburgh.  Penn- 
sylvania. 
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Francisco,  Ellsworth,  September.  1913. 

Inspector  of  Gas  and  Gas  Meters.  Citv  Hall  Annex,  Newark, 

New  Jersey. 
FftAMKLiN,  WiLLiAU  B..  September,  1909. 

Western  Sales  Manager,  U.  S,  Cast  Iron   Pipe  and  Foundry 

Campany,  1203  Morris  Building,  Philadetphia.  Pennsylvania. 
FWTZ,  H.  C„  March,   1909. 

Manager.  Schneider  &  Trenkamp  Division.  American  Stove  Com- 
pany, Cleveland,  Ohio. 
Gabrison,  Johk  J.,  October,  igo6. 

Vice-President,  Rathbone  Sard  &  Company.  North  Ferry  Street, 

Albany,  New  York. 
Gassett,  a.  L..  October,  1906. 

Care  of  Trenkamp  Stove  8r  Range  Company,  98^6  Quincy  Ave- 
nue, Cleveland,  Ohio. 
GooDUAN,  Patrick.  October.  1906. 

Manager,   Safety   Gas   Main    Stopper   Company,   257   East    133d 

Street,  New  York,  New  York. 
Gbidbel,  W.  GsiFnN,  September.  1912. 

Assistant  Manager.  J.  J.  Griffin  &  Company.  1513  Race  Street, 

Philadelphia,  Pennsylvania. 
Haehnlen,  Jacob  L.,  September,  1912. 

With    Laclede    Gas    Light    Company,    iilh    and    Olive    Streets, 

St.  Louis,  Missouri. 
Ha«ehsthom,  Fredebick  Nathan,  March,  191 1. 

Commercial  Department.  Welsbach  Company,  Gloucester,  New 

Jersey. 
Hamlink,  L.  C,  October,  1906. 

Vice-President,  Gas  Machinery  Company,  1900  Euclid  Avenue. 

Cleveland.  Ohio. 
Harper,  H.  D.,  October,  igo6. 

Western  Manager,  American  Meter  Company,  181 1  Peoples  Gas 

Building,  Chicago,  Illinois. 
Haywakd,  E.  Bartlett.  March,  1907. 

Assistant    General    Manager,    Bartlett,    Hay  ward    &    Company, 

Scott  and  McHenry  Streets,  Baltimore,  Maryland. 
Hayward,  Sterling  F.,  October,  1906, 

Treasurer,    Connelly   Iron    Sponge   &    Governor    Company,    12? 

Duane  Street,  New  York,  New  York. 
Hekrv,  William  G.,  October,  1906. 

Vice-President,  Detroit  Stove  Works,  Detroit,  Michigan. 
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Herbekt,  Fredekick  D„  September,  1911. 

General  Sales  Manager,  Terry  Steam  Turbine  Company,  go  West 

Street,  New  York,  New  York. 
Hicks,  Geohge  ClE^^Eland,  Jh.,  October,  1906. 

Vice-President  and  Mechanical  Engineer,  P.  H.  &  F.  M.  Roots 

Company.  Box  165,  Connersville,  Indiana. 
HiGGiNS,  C.  M.,  October,  1906. 

Representative,  The  Standard  Oil  Company,  26  Broadway,  New 

York,  New  York. 
HiNMAN,  Walter  Hibhard,  March,  1911. 

Gas  Meter  Engineer,  American  Meter  Company,   iith  Avenue 

and  47th  Street,  New  York,  New  York. 
HoBDEu,,  George,  October,  1906. 

Manager,  Phoenix  Meter  Company,  107  Arch  Street,  Camden, 

New  Jersey. 
HoDSON,  H.  M.,  March,  1909. 

Mechanical  Engineer   Bryan,  Donkin  Company.  Ltd.,  Parliament 

Mansions,  Victoria  Street,  West.r.inster,  S.  W.,  London,  England. 
HoppHAN,  Jules  G.,  October,  1906. 

Jules  0.   Hoffman  Company,   1124  Majestic   Building,   Detroit, 

Michigan. 
HoHHANN,  August  B.,  September,  1911. 

Sales  Manager.  C.  J.  Tagliabue  Manufacturing  Company.  Bush 

Terminal,  32  33d  Street.  Brooklyn,  New  York. 
HoRNSEY,  John  W.,  September,  rgio. 

Consulting  Engineer,  Searles,  California. 
HuBBs,  John  Henry,  September,  1908. 

Assistant  Purchasing  Agent,  The  United  Gas  Improvement  Com- 
pany, Broad  and  Arch  Streets,  Philadelphia,  Pennsylvania. 
HuLTS,  Eugene  Arthur,  March,  1913. 

Sales  Agent,  General  Electric  Company,  1005  Monadnock  Block, 

Chicago,  Illinois. 
Hutchinson,  Wiij,iam  P.,  March,  igia. 

Vice-President  and   Sales  Manager,   Sprague  Meter  Company, 

aos  Water  Street,  Bridgeport,  Connecticut. 
HvDE,  Edward  P.,  March,  1910. 

Director,  Physical  Laboratory,  National  Electric  Lamp  Associa- 
tion, General  Electric  Company,  Post  Office  Box  387,  Nela  Park, 

Cleveland,  Ohio. 
IsBEu.,  Charles  W.,  October,  1906. 

President,    Board    of    Directors,    I  shell- Porter    Company,    257 

Broadway,  New  York,  New  York. 
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JoHNSTOK,  £.  D.,  October,  1906. 

President,  P.  H,  &  R  M.  Roots  Company,  Connersvjlle,  Indiana- 
Kahn,  Julius,  March,  1907, 

General  Manager,  New  York  Metal  Hose  Company,  42  Broad- 
way, New  York,  New  York. 
Kahn,  Lazard,  October,  1906. 

Vice-President,  Estate  Stove  Company,  Hamilton,  Ohio. 
Kane,  Wiixiau,  October,  1906. 

President,  William  Kane  Manufacturing  Company,  1909  Adams 

Street,  Philadelphia,  Pennsylvania. 
KEU.UM,  Benjauin  J.,  October,  [906. 

Manager,  Western  Department,  W'elsbach  Company,  141  North 

Wabash  Avenue,  Chicago,  Illinois. 
KiRCHBEBGER,  MoKiTZ,  September,  1909. 

President,  Crescent  Burner  Company,  374  Second  Avenue,  New 

York,  New  York. 
Knight,  WnxiAM  H.,  October,  1906. 

General   Manager,   Cleveland  Gas   Meter   Company.  2180  East 

65th  Street,  S.  E.,  Cleveland,  Ohio. 
KoppERS,  Henby,  October,  1907. 

President,  H.  Koppers  Company,  Constructors  of  By-Products 

and  Gas  Ovens,  s  South  Wabash  Avenue,  Chic^o,  Illinois. 
Lansingr,  Van  Rensselaer,  September,  1909. 

Nelite  Works  of  General  Electric  Company,  6523  Euclid  Avenue, 

Cleveland,  Ohio. 
Lauber,  Albert,  October,  1906. 

Treasurer,  Standard  Meter  &  Manufacturing  Company,  433  VVest 

42d  Street,  New  York,  New  York. 
Leakev,  Nathan  G.,  October,  1906. 

Assistant  Secretary,  Michigan  Ammonia  Works,  Detroit,  Michi- 
gan. 
Leamv,  Alan,  October,  igoft 

Manager,   Middle  West   Department,   Welsbach   Company,   116 

East  Chestnut  Street,  Columbus,  Ohio. 
Lemoine,  Louis  R.,  September,  1913. 

President,  United  Stales  Cast  Iron  Pipe  &  Foundry  Company, 

1421   Chestnut  Street,  Philadelphia,  Pennsylvania, 
Lewis,  Ellis  R.,  March,  1911. 

President,  National  Gas  Light  Company,  Kalamazoo,  Michigan. 
Lev/is,  Thomas  L-,  September,  1913. 

Assistant  Manager  of  Sales,  A.  M.  Byers  Company,  235  Water 

Street,  PittshurRh.  Pennsylvania. 
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LiTLE,  Thomas  J..  J«.,  October,  1906. 

Engineer,  Welsbach  Company.  Gloucester  City,  New  Jersey. 
LiTTXE.  Akchibald  S.  B.,  September,  1907. 

General    Manager,    Consolidated    Gas    Purification    &    Chemical 

Company,  Nashville,  Tennessee. 
LocKWOOD,  W.  A.,  October,  1906. 

General    Salesman,    Ringen    Stove   Company,  414    South    Sixth 

Street,  St.  Louis,  Missouri. 
LuEDEs,  Cakl  Geobge,  March,  igit. 

Secretary  and  Treasurer,  New  York  Improved  Meter  Company, 

Inc.,  306  East  47th  Street,  New  York,  New  York. 
LusR,  Joseph,  October,  1906. 

President,  New  York  Improved  Meter  Company,  306  East  47th 

Street,  New  York,  New  York. 
IvVON,  Edwakd  a.,  September,  1908. 

District   Sales  Manager,  Gulf   Refining  Company,  814  Battery 

Park  Building,  New  York,  New  York. 
McCteiXAN,  John  W.,  September,  igo8. 

Vice-President  and  General  Manager,  Manhattan  Gas  Heating 

Company,  909  Seventh  Avenue,  New  York,  New  York. 
McCoy,  William  P.,  March,  1911. 

Commercial  Department,  Welsbach  Company,  Gloucester,  New 

Jersey. 
McDoKALD,  FuDEBiCK,  September,  1909. 

Gas  Meter  Manufacturer,  991  Broadway,  Albany,  New  York. 
McIlkavy,  W.  N.,  October,  1906. 

Vice-President,    Barrett    Manufacturing    Company,    17    Battery 

Place.  New  York,  New  York. 
UcNasy.  John  B.,  October,  1906. 

Manager   and    Secretary,    Canadian    Meter   Company.   Limited, 

Hamilton.  Ontario,  Canada. 
Macbeth,  Norman.  September,  1909. 

Illuminating  Engineer;  Editor,  Lighting  Journal;  166  \\'est  72d 

Street,  New  York,  New  York. 
Mason,  John  Ambleb,  September,  1909. 

With    the    Bartlett,    Hay  ward    Company,    100    Broadway,    New 

York,  New  York. 
Mason.  Sidney,  October,  1906. 

President,  Welsbach  Company,  United  Gas  Improvement  Com- 
pany Building,  Broad  and  Arch  Streets,  Philadelphia,  Pennsyl- 
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Mew;keb,  Chableb  \V.,  October,  1906. 

General   Manager,  Ingersoll-Rand  Company  of   Illinois,   Peoples 

Gas  Building,  Chicago,  Illinois. 
Miliar,  P.  S.,  March,  1909. 

Assistant  Manager  and  Secretary,  New  York  Electrical  Testing 

Laboratories,  8«h    Street  and  East  End   Avenue.  New  York, 

New  York. 
MiixCB.  Fred  A.,  October,  1906. 

President  and  General  Manager.  S,  R.  Dresser  Manufacturing 

Company,  Boylston  Street,  Bradford,  Pennsylvania. 
MiNGUS,  James  B.,  March,  1910. 

Sales  Agent,  Penn  Gas  Coal  Company,  222  South  Third  Street. 

Philadelphia.  Pennsylvania. 
MoRDUE,  Thomas  N. 

Coal  Merchant,  817  Peoples  Gas  Building,  Chicago,  Illinois. 
MoRLEY.  Robert  L.,  March,  190S. 

Western   Manager,   The    Michigan    Stove   Company,   439   South 

Clinton  Street,  Chicago,  Illinois. 
MoRRELL,  Clarence  P.,  October,  1906. 

Wholesale  Coal,  Boom  194,  I  Broadway,  New  York,  New  York. 
Mueller,  Robert,  October,  igod 

Secretary,  H.  Mueller  Manufacturing  Company,  Decatur,  Illinois. 
Newbold,  E.  S.,  March,  1909. 

President,  American  Street  Lighting  Company,  831  Greenmount 

Avenue,  Baltimore,  Maryland. 
NicHous,  Carroll  B.,  October,  1906. 

Assistant  Secretary,  Westmoreland  Coal  Company,  224  South 

Third  Street,  Philadelphia,  Pennsylvania. 
Norton,  Arthur  E.,  October,  1906. 

Superintendent,  Nathaniel  Tufts  Meter  Company,  455  Commer- 
cial Street,  Boston,  Massachusetts, 
Norton,  Harry  A.,  October,  1906. 

President  and  Manager,  Nathaniel  Tufts  Meter  Company,  455 

Commercial  Street,  Boston,  Massachusetts. 
Nutty,  G.  R.,  October,  1906. 

General  Sales  Manager.  Gulf  Refining  Company,  Frick  Building 

Annex,  Pittsburgh,  Pennsylvania. 
O'Neil.  W.  D.,  March,  1911. 

Tulsa,  Oklahoma. 
Osborne,  Willard  B.,  October,  1906. 

Gas  Engineer,  Riter-Conley  Manufacturing  Company,  56  Water 

Street,  Pittsburgh,  Pennsylvania. 
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Osius,  Geoige,  October,  1906. 

Secretary  and  Treasurer,  Michigan  Ammonia  Works,  Detroit, 

Michigan. 
Pack,  Edward,  September.  1908. 

Secretary,  New  England  Gas  &  Coke  Company,  iii  Devonshire 

Street,  Boston,  Massachusetts. 
Papworth,  Habky  M.,  September,  1913. 

Salesman  and  Eastern  Manager,  P.  H.  &  F.  M.  Roots  Company, 

130  Liberty  Street,  New  York,  New  York. 
Pabish,  Wiluam  H..  March,  1913. 

Sales  Engineer,  Westmoreland  Coal  Company,  224  South  3rd 

Street,  Philadelphia,  Pennsylvania. 
Parker.  George  W..  October,  1906. 

Eastern  Agent,  Parker-Russell  Mining  &  Manufacturing  Com- 
pany, 4S  Broadway,  New  York,  New  York. 
Paikkr,  John  F.,  September,  1910. 

Western  Sales  Manager,  Eclipse  Gas  Stove  Company,  Rockford, 

Illinois. 
PaTtekson,  Alfked  R.,  September,  1912. 

Auditor,  Stone  &  Webster  Management  Association,   147  Milk 

Street,  Boston,  Massachusetts. 
PAnisoN.  Melvin,  October,  igo6. 

General  Manager  of  Sales,  Brown  Hoisting  Machinery  Com- 
pany, 4403  St.  Clair  Avenue,  Cleveland,  Ohio. 
Payne,  F.  H.,  October,  1906. 

Manager,  Metric  Metal  Works,  loih  and  Payne  Streets,  Erie, 

Pennsylvania. 
Peck,  Harry  G.,  September,   1913. 

Treasurer,  Gas  Appliance  Sales  Company  of  America,  18  South 

7th  Street,  Philadelphia.  Pennsylvania. 
Peffly,  Ibvin  W.,  September,  1908. 

Eastern   Sales  Manager,  George  M,  Clark  Company,  Divisibn 

American   Stove  Company,    1493   Broadway,   New  York,   New 

York. 
Perkins,  Rowan  P.,  September,  1907. 

Mechanical    Engineer;    Manufacturer    of    Gas   Appliances,    122 

North  nth  Strtel,  Philadelphia,  Pennsylvania. 
Perry.  A.  T.,  October.  1906. 

Vice-President,  Barrett  Manufacturing  Company.  1210  William- 
son Building.  Euclid  Avenue,  Cleveland,  Ohio. 
Phoxips,  L.  R-,  March,  1907- 

Care  of   National  Tube  Company,   1307   McCormick  Building, 

Chicago.  Illinois. 

106 
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PiLZ.  C,  March,  1907. 

Secretary,  New  Vork  Lead  Wool  Company,  93  Nassau  Street, 

New  York,  New  York. 
PiSEi.  Theo.  H..  October,  igo6. 

Manager,  Welsbach  Company  of  New  England,  iti  Oliver  Street, 

Boston,  Massachusetts. 
Plaktinga,  Piemue,  October,  1906. 

President,  The  Gas  Machinery  Company,  igoo  Euclid  Avenue, 

Cleveland,  Ohio. 
Ptucioat,  HowABD  W.,  September,  igio. 

Salesman,  with  J.  A.  Sheppard  &  Company,  Erie  Avenue  and 

Sepviva  Street,  Philadelphia,  Pennsylvania. 
P(»TEB,  RrajtHD  G.,  October,  igo6. 

Chemist -Engineer.  Riler-Conley  Manufacturing  Company,  Lowell, 

Massachusetts. 
PoTTEK,  CLiFFtHtn  C,  March,  1910. 

Manufacturer's   Agent,  Agent   for  Detroit  Graphite  Company, 

Room  702,  135  Broadway,  New  Yoric,  New  York. 
Pbati,  Henby,  October,  1906. 

President,  Henry  Pratt  Bmler  &  Machine  Company,  2222  South 

Halsted  Street,  Chicago,  Illinois. 
PbEni^bCast,  Damiei,  J.,  October,  1906. 

General  Superintendent,  Welsbach  Street  Lighting  Company  of 

America,  318  West  4ad  Street,  New  York,  New  York. 
Pmce,  W.  W.,  October,  1906. 

President,  The  Dayton  I^pe  Coupling  Company,  435  East  First 

Street,  Dayton,  Ohio. 
RanckE,  Louis  N.,  October,  1906. 

Consulting    Engineer    and    Chemist,    107    North    Carey    Street, 

Baltimore,  Maryland. 
Reeves.  William,  October,  1906. 

President,  The  Ree^'es  Manufacturing  Compauy,  Milford,  Con- 


Reichrelu,  Paul  F-,  September,  1908. 

Secretary,  American   Gas  Furnace  Company,  24  John   Street, 
New  York,  New  York. 

Reynolds,  M.  G.,  October,  1906. 

President  and  General  Manager,  Reynolds  Gas  Regulator  Com- 
pany, 1019  Delaware  Street,  .Anderson,  Indiana. 

RoBCits,  Clabencs  v.,  October,  1906. 

President,  Roberts  &  Mander  Stove  Company,  nth  Street  and 
Washington  Avenue,  Philadelphia,  Pennsylvania. 
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RoDGEis,  Edwabd  H.,  October,  1906. 

President  and  Treasurer,  Standard  Meter  Company,  3112  North 
17th  Street,  Philadelphia.  Pennsylvania. 

RoEscH,  Daniel,  October,  1906. 

Instructor  in  Mechanical  Engineering,  Armour  Institute  of  Tech- 
nology, Armour  Station,  33rd  Street  and  Armour  Avenue, 
Chicago,  Illinois. 

RoLSiON,  RoBEST  J.,  March,  1911. 

Manager,  Welsbach  Company.  1008  Filbert  Street,  Philadelphia, 
Pennsylvania. 

Rust,  Robekt  Ripley,  March,  1910. 

Superintendent  of  Foundries,  Central  Foundry  Company,  90 
West  Street,  New  York,  New  York. 

RuuD,  Edwin,  September,  1907. 

Manufacturer,  Ruud  Manufacturing  Company,  Pittsburgh,  Penn- 
sylvania. 

Salt,  Thouas  V.,  September,  1910. 

418  Church  Street,  Evanston,  Illinois. 

Sandebs,  Barnev  H.,  September,  1912. 

President  and  General  Manager,  American  Foundry  &  Manu- 
facturing Company,  St.  Louis,  Missouri. 

Sakd,  Russell  E.,  September,  1909. 

Treasurer,  Rathbone,  Sard  &  Company,  Albany,  New  York. 

Saver,  Eugene  Y.,  October,  1906. 

Vice-President  and  General  Manager,  Improved  Equipment  Com- 
pany, 60  Wall  Street,  New  York,  New  York. 

ScBALL,  Henky  D.,  October,  1906. 

Assistant  to  Vice-President,  Detroit  Stove  Works,  1320  Jeffer- 
son Avenue,  Detroit,  Michigan. 

ScHHiDLAPP,  W.  H.,  September,  1909. 

President,  Monitor  Stove  &  Range  Company,  Cincinnati,  Ohio. 

ScHOBZ,  James  R.,  September,  1907- 

General  Sales  Agent,  Camden  Coke  Company,  755  Broad  Street, 
Newark,  New  Jersey. 

Seaveb,  Kenneth,  September,  191 3. 

Chief  Engineer  and  Assistant  General  Sales  Manager,  Harbison- 
Walker  Refractories  Company,  Farmers  Bank  Building,  Pitts- 
burgh, Pennsylvania. 

Seegee,  Robert,  October,  1906. 

District  Manager,  Welsbach  Street  Lighting  Company  of  Amer- 
ica, 704  Laclede  Gas  Building,  St.  Louis,  Missouri. 
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Senger,  Herbert,  September,  1913. 

Eastern  Representative,  Consolidated  Gas  Purification  &  Chem- 
ical Company,  loi  Park  Avenue,  New  York,  New  York. 

Sheppasd,  Howard  R.,  September,  1909. 

Member  of  firm  of  I.  A.  Sheppard  &  Company,  1801  North  4th 
Street,  Philadelphia,  Pennsylvania. 

Smith,  AxTHim  M.,  October,  1906. 

Treasurer,  The  Gas  Mactiinery  Company,  1900  Euclid  Avenue, 
aeveland,  Ohio. 

Smith,  T.  J.,  Jr.,  March,  1911. 

Special   Sales  Representative,    Pittsburgh   Water   Heater  Com- 
pany, Pittsburgh,  Pennsylvania. 

Speixer,  Fbakk  N.,  March,  1907. 

Metallurgical  Engineer,  National  Tube  Company,  Frick  Building, 
Pittsburgh,  Pennsylvania. 

Sfkague,  Henrv  H.,  March,  1908. 

President,  Sprague  Meter  Company,  205  Water  Street,  Bridge- 
port, Connecticut. 

Stacky,  Andrew  J.,  October,  1906. 

Assistant   General    Manager,   The   Stacey   Manufacturing   Com- 
pany, Station  P,  Cincinnati,  Ohio. 

Stacey,  James  E.,  October,  1906. 

President,  The  Stacey  Manufacturing  Company,  Station  P,  Cin- 
cinnati, Ohio. 

StitES,  Townsend,  September,  1907. 

General  Manager,  Welsbach  Company,  Gloucester,  New  Jersey. 

Stone,  Thomas  W.,  October,  1906. 

Engineer,  Western  Gas  Construction  Company,  Buchanan  Street, 
Fort  Wayne,  Indiana. 

Storrs,  Aaron  Putnam,  March,  1908. 

President,  Storrs  Mica  Company,  Owego,  New  York. 

SiDRRS,  Charles  P.,  October,  1906. 

Secretary,  Storrs  Mica  Company,  Owego,  New  York. 

SuixivAK,  Edward  J.,  March,  1908. 

Firm  of    Sullivan    Brothers,  45   Main   Street,   Flushing,    Long 
Island,  New  York. 

Sullivan,  Wiluam  H.,  March,  1908. 

Firm  of   Sullivan   Brothers,    45   Main   Street,   Flushing,  Long 
Island,  New  York. 

Taplin,  Frank  E.,  October,  1906. 

President,  Cleveland  &  Western  Coal  Company,  Leader  Build- 
ing, Cleveland,  Ohio. 
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Tatuan,  J.  S.,  March,  1911. 

With   Connersville    Blower   Company,    Connersville,    Indiana. 
Tavuk,  H.  G.,  October,  1906. 

Assistant  Engineer,  Lawrence  Gas  Company,  370  Essex  Street, 

Lawrence,  Massachusetts. 
Thomas,  Richasd  H.,  October,  igo6. 

President,   Thomas,    Roberts,    Stevenson    Company,    Third    and 

McKean  Streets,  Philadelphia,  Fennsylvania- 
TiMU,  Chables  F.,  March,  1911, 

Salesman,  Wm.  M.  Crane  &  Company,  16  West  32d  Street,  New 

York  City,  46  Point  Street,  Yonkers,  New  York. 
Trenxamp,  H.  J.,  October,  1906. 

President,   Trenkamp   Stove   &   Manufacturing  Company,  9S06 

Quincy  Avenue,  Cleveland,  Ohio.  - 
Thipp,  Fbank  Fosiek,  September,  1913. 

Treasurer,   Automatic   Gas   Lighting   Equipment   Company,   347 

Atlantic  Avenue,  Boston,  Massachusetts. 
Tufts,  Bowen,  September,  1912. 

Director,  various  gas  companies,  78  Devonshire  Street,  Boston, 

Massachusetts. 
UuuACH,  Chasles  E.,  October,  1906. 

President,    Ummach    Manufacturing    Company,    65    East    Lake 

Street,  Chicago,  Illinois, 
Van  WiE.  Edwin,  G.,  October,  igo6. 

Superintendent.  Gas  Appliance  Department,  Detroit  Stove  Works, 

1330  Jefferson  Avenue,  Detroit,  Michigan. 
Vak  Winkle,  W.  H.,  September,  1913. 

Vice-President,  Water  Works  Equipment  Cottipany,  50  Church 

Street,  New  York,  New  York. 
WASDELt,  Chas.  W.,  September,  1909. 

Illuminating    Engineer,    Welsbach    Company,    Gloucester,    New 

Jersey, 
Warren,  Henry  J,,  October,  1906. 

President,  Stamford  Gas  Stove  Company,  Box  388,  Stamford, 

Connecticut. 
Way,  John  G.,  March,  1909. 

Manager,    New    Process    Stove    Company    Division,    American 

Stove  Company,  4415   Perkins  Avenue,  Cleveland,  Ohio. 
Weber,  Albert  J.,  October,  1906. 

President,  Adam  Weber  Sons,  Manhattan  Club,  26th  and  Madi- 
son Avenues,  New  York,  New  York. 
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Wehnes,  Robert  K.,  October,  1906. 

Treasurer.  Isbell-Porter  Company,  Bridge  and  Ogden  Streets, 

Newark,  New  Jersey. 
Welles,  William  W.,  September,  1913. 

Manager  of  Sales,  A.  M.  Byers  Company,  Pittsburgh.  Pennsyl- 

Wells,  FkED  K.,  October,  1906. 

Manager,  Pittsburgh  Water  Heater  Company  of  Massachusetts, 

69  Broad  Street,  Boston,  Massachusetts. 
Westermaier.  Francis  Victor,  October.  1906. 

Engineer,  Welsbach  Street  Lighting  Company  of  America.  Broad 

and  Arch  Streets,  Philadelphia,  Pennsylvania. 
Wharton,  Hekhy.  October,  1906. 

Secretary,  Westmoreland  Coal  Company.  224  South  Third  Street, 

Philadelphia,  Pennsylvania. 
Whitakeb,  M.  C,  October,  igo6. 

Professor,  Mechanical  Science,  Columbia  University,  New  York, 

New  York. 
White,  Chas.,  March,  1909. 

Member  of  firm  of   White  &  Middleton  Gas  Engine  Company, 

Charles  and  Winder  Streets,  Baltimore,  Maryland. 
WtcKHAM.  Letch,  October,  1906. 

Sales    Agent,    Parker- Russell    Mining  &    Manufacturing   Com- 
pany, 501  Liggett  Building,  St.  Louis,  Missouri. 
Williamson,  Richard,  September,  1908. 

President,  R.  Williamson  Company,  88  West  Washington  Street, 

Chicago,  Illinois. 
WiLuoT,  Jas.  Edw.,  September.  1909. 

Manager,  Gas  Tip  &  Self-Lighter  Company,  149  Church  Street, 

New  York,  New  York. 
WiLPUTTE,  Louis,  March,  1913. 

Vice-President,  United  Coke  &  Gas  Company,  6  Church  Street, 

New  York,  New  York. 
Wilson,  Edwards  F.,  October,  1906. 

Chief  Chemist,  Westmoreland  Coal  Company,  Irwin,  Pennsyl- 

WiLSON,  John  Ckosier,  September,  1911. 

Engineer,  Thomas  Meter  Department,  Cutler-Hammer  Manu- 
facturing Company,  12th  Street  and  St.  Paul  Avenue,  Milwaukee, 
Wisconsin. 

WircE,  Louis  A.,  September,  1913, 

Engineer,  Didier-March  Company,  Perth  Amboy,  New  Jersey. 
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Wood,  Edwaid  R.,  Jr.,  October,  1906. 

Machinery  Sales  Manager,  R.  D.  Wood  &  Company,  400  Chest- 
nut Street,  Philadelphia,  Pennsylvania. 

YouNC,  L.  B.,  October,  1906. 

Assistant  General  Manager,  The  Michigan  Stove  Company, 
1023  Jefferson  Avenue,  East,  Detroit,  Michigan. 

Young,  N.  A.,  March,  1909. 

Secretary,  James  Gardner,  Jr.,  Company.  Lincoln  Street,  Bolivar, 
Pennsylvania. 

YouNGHAH,  Robert  H.,  September,  1910. 

Assistant  to  President,  Harbison- Walker  Refractories  Company, 
1816  Farmers  Bank  Building,  Pittsburgh,  Pennsylvania. 

ZiTzEWiTz,  Hermann,  October,  igo^. 

President,  National  Machine  Works,  10  Sheffield  Avenue,  Chi- 
cago, Illinois. 

ZwisUR,  A.  L.,  October,  1906. 

President,  American  Gas  Light  Company,  Kalamazoo,  Michigan. 

Total  Associate  Members   221 

JUniOS  HCMBBBS. 

AuuRGot,  Elmo)  R.,  September,  1908. 

Special  Inspector  of  Appliances,  United  Gas  Improvement  Com- 
pany, Broad  and  Arch  Streets,  Philadelphia,  Pennsylvania. 

Baldwin,  FredEBick  R.,  September,  1912. 

Superintendent's  Assistant,  Brooklyn  Union  Gas  Company,  150 
Sixth  Avenue,  Brooklyn,  New  York. 

Barnes,  Geo.  J.,  March,  1909. 

Foreman,  astlvWard  Worlcs,  The  United  Gas  Improvement  Com- 
pany, Richmond  and  Tioga  Streets,   Philadelphia,   Pennsylvania. 

Baxter,  Edw.  O.,  September,  1908. 

Chief  Clerk,  Westchester  Lighting  Company,  67  North  Broad- 
way, Yonkers,  New  York. 

Bayiie,  William  Percival.  September,  1913. 

Inspector  of  Accounts,  Distribution  Department,  Philadelphia 
Gas  Works,  24  North  zzd  Street,  Philadelphia,  Pennsylvania, 

Beebe,  Thomas  Russell,  September,  1907. 

Commercial  Engineer.  1417  Morse  Avenue,  Chicago,  Illinois. 

Bennitt,  George  E.,  September,   1913. 

Engineer's  Assistant,  Department  of  Utilization,  Consolidated 
Gas  Company  of  New  York,  124  East  ISth  Street,  New  York, 
New  York. 


D.gnzed  by  Google 


BuBKETT,  Fredebick,  October,  1906. 

Assistant  to  Chief  Engineer,  Economical  Gas  Apparatus  Con- 
struction Company,  269  Front  Street,  East,  Toronto,  Ontario, 
Canada. 

Burton,  Lawrence  V.,  March,  1912. 

Instructor.  University  of  Illinois,  303  Green  Avenue,  Cham- 
paign, Illinois. 

BvBNE,  Thomas  J„  September,  1912. 

Superintendent's  Assistant,  Consolidated  Gas  Company  of  New 
York,  SOI  East  21st  Street,  New  York,  New  York. 

Calkins,  W.  B.,  October,  igo6. 

Chemist,  Fuel  Testing  Company,  220  Devonshire  Street,  Boston, 
Massachusetts. 

Call,  Almon  Eugene,  September,  19 12. 

Retort  House  Foreman,  Lynn  Gas  &  Electric  Company,  20 
Beacon  Hill  Avenue,  Lynn,  Massachusetts. 

Callahan,  Cornelius  F.,  September,  1913. 

Foreman  Fitter,  Old  Colony  Gas  Company,  Weymouth,  Massa- 
chusetts. 

Callahan,  John  Joseph,  March,  1911. 

Draughtsman,  New  York  &  Richmond  Gas  Company,  694  Bay 
Street,  Stapleton,  New  York. 

Callaway,  Geohce  Samuel,  September,  1912. 

Su peri n tend ejit's  Assistant,  Equity  Works,  Brooklyn  Union  Gas 
Company,  Porter  and  Maspeth  Avenues,  Brooklyn,  New  York. 

Cbadwick,  Walter  C,  September,  1913. 

Assistant  Engineer  of  Mains,  Philadelphia  Suburban  Gas  &  Elec- 
tric Company,  Chester,  Pennsylvania;  5014  Hazel  Avenue,  Phila- 
delphia, Pennsylvania. 

Chidsey,  Ravmond  F„  September,  1911, 

Mechanical  Engineer,  Jenkintown  Division,  Philadelphia  Sub- 
urban Gas  &  Electric  Company,  Wyncote,  Pennsylvania. 

ChbisTY,  Henry  B.,  October,  1906. 

letters'  Foreman,  United  Gas  Improvement  Company,  ii02 
Foulkrod  Street,  Frankford,  Philadelphia,  Pennsylvania. 

Coles,  Sidney  S.,  September,  1913. 

Assistant  to  Engineer,  Westchester  Lighting  Company,  1st  Ave- 
nue and  1st  Street,  Mount  Vernon,  New  York. 

CoLLiEK,  Edward  Caw-Ton,  March,  1913. 

With  Missoula  Gas  Company,  Missoula,  Montana. 

CoouBS,  Fred  S.,  October,  1906. 

Superintendent,  Meter  Department,  Youngstown  Gas  &  Electric 
Company,  Post  Office  Box  58,  Youngstown,  Ohio. 
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Ckahmokd,  WiuuAU  AuxANDEB,  March,  1911. 

227  Fullum  Street,  Montreal,  Quebec,  Canada. 
Cbankshaw,  J.  Wabd,  March,  1910. 

Alleotown  Gas  Company,  Alleniown,  Fa. 
Ckeeden,  John  J.,  March,  1911. 

Chief  Clerk,  General  Fuel  Appliance  Department,  Consolidated 

Gas  Company,  130  East  isth  Street,  New  York,  New  York. 
Cbessub,  Kebx  Murkay,  October,  1906. 

Assistant  to  Engineer,  The  Kerr  Murray  Company,  Peoples  Gas 

Building,  Chicago,  Illinois. 
Croweu.,  James  Kenneth,  September,  1908. 

Assistant  to  Engineer,   Westchester  Lighting  Company,   Port- 

chester.  New  York. 
Davis,  £.  B.,  March,  igog. 

Cadet,  Distribution  Department,  Westchester  Lighting  Company, 

134  South  nth  Avenue,  Mt.  Vernon,  New  York. 
Dickey,  Philif  S.,  March,  191 2. 

Foreman  Fitting  Shop,  Beloit  Water,  Gas  &  Electric  Company, 

563  East  Grand  Avenue,  Beloit,  Wisconsin. 
Duncan,  Howard  William,  September,  1912. 

Superintendent,    Northern    Indiana    Gas   &    Electric    Company, 

Plymouth,  Indiana. 
EicuENGREEN,  Leon  B.,  March,  1913. 

With  Counties  Gas  &  Electric  Company,  Ardmore,  Pennsylvania. 
Ellis,  R.  L..  March,  1913. 

Superintendent,  Sclma  Lighting  Company,  Selma,  Alabama. 
Farb,  Riley  Wiluam,  Jr.,  March,  1912. 

Superintendent  of  Electric  Construction,  Northern  Westchester 

Lighting  Company,  Box  224.  Ossining,  New  York. 
Felton,  John  Garrett,  March,  1912. 

Cadet  Engineer,  Fulton  County  Gas  &  Electric  Company,   18 

East  Fulton  Street,  Gloversville,  New  York. 
Field,  Horace  Hopkins,  September,  1911, 

Superintendent,  Connecticut  Power  Company,  33  Union  Street, 

New  London,  Connecticut. 
Fitzpatwck,  Daniel,  October,  1906. 

Foreman  of  Works,  St.  Augustine  Gas  &  Electric  Light  Com- 

pany,  St.  Augustine,  Florida. 
FpKi,  Charles  McCabe,  March,  1913. 

Chief  Clerk  and  Assistant  General  Foreman,  Brooklyn  Union 

Gas  Company,  sth  and  Hoyt  Streets,  Brooklyn,  New  York. 
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Fox,  Chables  J.,  October,  1906. 

Superintendent  of  Distribution,  Philadelphia  Suburban  Gas  & 
Electric  Company,  867  Main  Street,  Darby,  Pennsylvania. 

Gellert,  Nathan  H.,  March,  1911. 

Constructing  Gas  Engineer,  care  of  Public  Service  Construction 
Company,  San  Juan,  Porto  Rico. 

Gibson,  James  Coe,  September,  1913. 

Secretary-Treasurer  and  Manager,  I^bette  Gas  Company,  Che- 
topa,  Kansas. 

GoHZAicEz,  Americo  Rodriguez,  March,  1913. 

Inspector  of  Lighting,  Havana  Electric  Railway,  Light  &  Power 
Company,  Monte  i,  Havana,  Cuba. 

Grant,  Albert  W.,  Jr.,  September,  1913. 

Cadet  Engineer,  United  Gas  Improvement  Company,  2316  South 
2ist  Street,   Philadelphia,  Pennsylvania. 

Green,  Albert,  October,  [906. 

General  Foreman  of  Fitters,  The  United  Gas  Improvement  Com- 
pany, 4251  Romain  Street,  Philadelphia,  Pennsylvania. 

Green,  J.  W.,  October,  1906. 

Superintendent,  Westchester  Lighting  Company,  First  Avenue 
and  First  Street,  Mount  Vernon,  New  York. 

Greene,  Raymond  Lewis,  March,  1913. 

Assistant  Superintendent,  Brooklyn  Union  Gas  Company,  556 
Kent  Avenue,  Brooklyn,  New  York. 

Griffin,  Orange  G.,  September,  1913. 

Draughtsman,  Consolidated  Gas  Company,  1854  Seventh  Avenue, 
New  York,  New  York. 

Griffis,  Rowland  Elliot,  September,  1913. 

Inspector  of  Traffic  Handling,  Philadelphia  Gas  Works,  United 
Gas  Improvement  Company,  24  North  22d  Street,  Philadelphia, 
Pennsylvania. 

Griffiths,  Norman  James,  September,  1913. 

Statistical  Clerk,  Consolidated  Gas  Company,  130  East  isth 
Street,  New  York,  New  York, 

Gross,  Harry  O..  September,  1909. 

Chief  Inspector,  Street  Lighting  Department,  United  Gas  Im- 
provement Company,  24  North  aad  Street,  Philadelphia,  Penn- 
sylvania. 

Haldbman,  Clifford  L-  September,  1911. 

District  Main  Foreman,  Philadelphia  Gas  Works,  2942  North 
Bambray  Street,  Philadelphia,  Pennsylvania. 

Hamilton,  Earl  R.,  September,  1911. 

Chemist,  Lowell  Gas  Light  Company,  Lowell,  Massachusetts. 
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Hauuond,  Euc  W.,  October,  igo6. 

Superintendent  of  Meter  Shop,  Kansas  City  Gas  Company,  910 
Grand  Avenue,  Kansas  City,  Missouri. 

Hansek,  Ai.FKeD  H.,  September,  1 91 2. 

Tar  Salesman,  Omaha  Gas  Company,  416  Woolworth  Avenue, 
Omaha,  Nebraska. 

HAJUtiUAH,  Hekbekt  E.,  September,  1912. 

Superintendent  of  Works,  Bangor  Gas  Light  Works,  349  Main 
Street,  Bangor,  Maine. 

Havward,  Harold  A.,  March,  tpii. 

Assistant  General  Manager,  Connelly  Iron  Sponge  &  Governor 
Company,  127  Duane  Street,  New  York,  New  York. 

Heavner,  LeRoy  Clements,  March,  1911. 

Engineer,  Tampa  Gas  Company,  Tampa,  Fk>rida. 

Heluan,  Hirah,  September,  1913. 

Superintendent  of  Mains  and  Services,  Old  Colony  Gas  Com- 
pany, Quincy  Avenue,  Weymouth,  Massachusetts. 

Henson,  Edwabd  B.,  September,  1910. 

Assistant  Foreman,  Gas  Plant,  San  Antonio  Gas  &  Electric  Com- 
pany, San  Antonio,  Texas. 

Hill,  Daniel  L.,  March,  1911. 

Superintendent  of  Records,  Toronto  Gas  Company,  ig  Toronto 
Street,  Toronto,  Canada. 

HoK,  John  F.,  March,  1913. 

Superintendent,  Public  Service  Gas  Company,  45  Witherspoon 
Street,  Princeton,-  New  Jersey. 

Houston,  Gkav  Jones,  March,  1909. 

Spokane  Falls  Gas  Light  Company,  Spokane,  Washington. 

Howard,  Charles  O.  S.,  September,  1912. 

Assistant  Distribution  Foreman,  Gas  Department,  Queens  Bor- 
ough Gas  &  Electric  Company,  Far  Rockaway,  New  York. 

Inhes,  J.  A.,  October,  1906. 

Secretary  and  Treasurer,  Citizens  Light,  Heat  &  Power  Com- 
pany, Eagle  Grove,  Iowa. 

Johnston,  Ernest,  October,  1906. 

Care  of  Syracuse  Lighting  Company,  Syracuse,  New  York. 

Jones,  Leon  B.,  September,  1912. 

Assistant    Engineer,    Gas    Department,    Pacific    Gas    &    Electric 
Company,  44s  Sutter  Street,  San  Francisco,  California. 

Kane,  Milford  L.,  September,  1911. 

Service  Foreman,  Omaha  Gas  Company,   1509  Howard   Street, 
Omaha,  Nebraska. 
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Kawai,  Hikichi,  September,  1913. 

Cadet  Engineer,  Westchester  Lighting  Company,  First  Avenue 
and  First  Street,  Mount  Vernon,  New  York. 

KeelEb,  Eabl  £.,  Uarch,  1912. 

General  Shop  Foreman,  Kansas  City  Gas  Company,  gio  Grand 
Avenue,  Kansas  City,  Missouri. 

Khxey,  TiiiOTHY  J^  Jr.,  September,  igio. 

Foreman  of  Fitting  Shop,  Beloit  Water,  Gas  &  Electric  Com- 
pany, Beloit,  Wisconsin. 

Keixogg,  Haskisom  B.,  September,  igog. 

Engineer,  Westchester  Lighting  Company,  Post  Office  Box  7, 
Rye,  New  York. 

Kiu^OKS,  James  N.,  March,  1913. 

Assistant  Superintendent  of  Distribution,  Public  Service  Gas 
Company,  35  Front  Street,  Newark,  New  Jersey. 

KiNCSBUXY,  I,  Clayton,  March,  1909. 

Assistant  Superintendent,  Distribution  Department,  Consolidated 
Gas  Company  of  New  York,  439  East  I03d  Street,  New  York, 
New  York. 

Knotbe,  W.  J.,  October,  igo6. 

Engineer,  Evens  &  Howard  Fire  Brick  Company,  920  Market 
Street,  St.  Louis,  Missouri. 

KouocK,  Edwakd  CAifPBHx,  March,  1913. 

Superintendent,  Gas  Department,  Charleston  Consolidated  Rail- 
way &  Lighting  Company,  141  Meeting  Street,  Charleston,  South 
Carohna. 

Latose,  Paul  Jules,  September,  1909. 

Inspector  of  Fuel  Appliances,  United  Gas  Improvement  Com- 
pany, 1401  Arch  Street,  Philadelphia,  Pennsylvania. 

Leuenbesgek,  Walteb  Aimold,  March,  igoS. 

Superintendent,  Tacoma  Gas  Company,  loi  South  loth  Street, 
Tacoma,  Washington. 

Loud,  Roger  Perkins,  March,  1912. 

Manager,  Citizens  Gas,  Electric  &  Power  Company,  Nantucket, 
Massachusetts. 

Malakovp,  Jobn,  September,  1913. 

Superintendent's  Assistant,  Westchester  Lighting  Company. 
Spring  Street,  White  Plains,  New  York. 

Malin,  J,  H.,  September,  1912. 

Storekeeper,  Omaha  Gas  Company,  1202  Howard  Street,  Omaha, 
Nebraska. 
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MANsnKLD,  J.  H.,  March,  1909. 

Assistant  Superintendent,  Consolidated  Gas  Company,  toot  of 

West  66th  Street,  New  York.  New  York. 
Mamsh,  Edward  H.,  September,  1913. 

Street  Clerk,  Queens  Borough  Gas  &  Electric  Company,  Far 

Rockaway,  New  York, 
McCarthy,  Albert  P.,  March,  191 1. 

Engineer,    Philadelphia    Suburban    Gas    &    Electric    Company, 

Coatesville,  Pennsylvania. 
M1U.EB,  Miss  Anna  Virginia,  October,  igo6. 

Demonstration  Cooking  Lecturer,  1237  Harrison  Street,  Kansas 

City,  Missouri. 
MiNARD,  Emory  D.,  September,  1913. 

District  Foreman,  Public  Service  Gas  Company,  118  Main  Street, 

Hackensack,  New  Jersey. 
McABisoN,  Martin,  September,  1912. 

Candle-power    and    Calorific    Inspector,    Westchester    Lighting 

Company.  216  North  6t'i  Street,  Mount  Vernon,  New  York. 
MoYER,  Wayne  R.,  September,  1913. 

Assistant  Superintendent,   Spring  Garden  District,  United  Gas 

Improvement  Company,  446  West  Martin  Street,  Roxborough, 

Philadelphia,  Pennsylvania, 
Mueller,  Adouh  F.,  March,  1910. 

Head  Bookkeeper,  Seattle  Lighting  Company,  Seattle,  Washing- 

MtJiiER,  Hekman,  Jr.,  September,  1908. 

Works  Assistant,  New  York  &  Richmond  Gas  Company,  S73 

Van  Duien  Avenue,  Stapleton,  New  York. 
Murphy,  Albert  Francis,  September,  1912. 

Assistant  to   Superintendent,   Brooklyn   Union   Gas  Company,   S 

Skillman  Street,  Brooklyn,  New  York. 
Nason,  Forest  J.,  September,  1913. 

Clerk,  Haverhill  Gas  Light  Company,  Haverhill,  Massachusetts. 
Neal,  George  A.,  Jr.,  September,  1912. 

Cadet   Engineer,  Omaha  Gas  Company,   1509  Howard   Street, 

Omaha,  Nebraska. 
Nelson,  E,  A.,  March,  1909. 

Engineering  Assistant  of  Mains  and  Services,  Consolidated  Gas 

Company  of  New  York,  80  Elizabeth  Street,  New  York,  New 

York. 
Nbth,  John  A.,  October,  1906. 

Foreman,  Gas  Department,  Westchester  Lighting  Company,  45 

John  Street,  Tarrytown,  New  York. 
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O'Keefte,  James  Garwood,  Uarch,  igo8. 

Superintendent,  Front  Street  Works,  Public  Service  Gas  Com- 
pany, 26  Front  Street,  Newark,  New  Jersey. 
Ordisr,  T.  Brandon,  October,  1906. 

Assistant  Superintendent,  Lansing  Fuel  &  Gas  Company,  224 

West  Maple  Street,  Lansing,  Michigan. 
Palmer.  Alva  L.,  September,  1913. 

Engineer's  Assistant,   Department  of   Utilization,   Consolidated 

Gas  Company  of  New  York,  124  East  isih  Street,  New  York, 

New  York. 
Pattesson,  Cleuent  F.,  September,  1911. 

143  North  Washington  Avenue,  Whittier,  California. 
Pearce.  William  Faulkner,  March,  1908. 

Assistant  to  Superintendent,  United  Gas  Improvement  Company, 

Richmond  and  Tioga  Streets,  Philadelphia,  Pennsylvania. 
PeTOn,  H.  L.,  March,  1909. 

Assistant  Superintendent,  Distribution  Department,  Consolidated 

Gas  Company  of  New  York,  124  East  15th  Street,  New  York, 

New  York, 
Perkins,  Matthew  F.,  September,  1909. 

Chief    Canvasser,    United    Gas    Improvement    Company,    5813 

Thompson  Street,  Philadelphia,  Pennsylvania. 
PrsiFPER,  Bernard  V.,  September,  1911. 

Superintendent  of  Manufacture,  Nashville  Gas  &  Heating  Com- 
pany, 611  Church  Street,  Nashville,  Tennessee. 
Poshes,  John  V.,  September,  1913. 

Cadet  Engineer,   Experimental   Plant,  United   Gas   Improvement 

Company,  3101   Passyunk  Avenue,  Philadelphia,  Pennsylvania. 
Price,  William  H.,  October,  1906. 

Draftsman    and   Clerk.    Providence   Gas    Company,   93   Georgia 

Avenue.  Providence,  Rhode  Island. 
Rasch,  Wm.  T.,  March,  1909. 

Assistant  to  Engineer  of  Utilization,  Consolidated  Gas  Company 

of  New  York,  124  East  isth  Street,  New  York,  New  York. 
Reiner,  Otto,  September,  1912. 

General  Foreman.  Public  Service  Gas  Company,  41  Front  Street, 

Newark,  New  Jersey. 
REVBimK,  John  Randolph,  September,  1910, 

Engineer,  Stone  &  Webster  Management  Association.   147  Milk 

Street,  Boston,  Massachusetts. 
Reynolds.  James  Fisher,  September,  1913. 

Industrial  Salesman,  Consolidated  Gas  Company,  30  East  42d 

Street,  New  York,  New  York. 
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Rhoads.  Wiluau  Henby,  September,  1913. 

En^neer's  Assistant,   Consolidated   Gas  Company,  44th   Street 
Station,  New  York,  New  York. 

RioBDAN,  Daniel.  March,  19 13. 

Chief  Clerk  in  Works  Office,  Consolidated  Gas  Company,  501 
East  21st  Street,  New  York,  New  York. 

Ritchie,  Artbuk  Robsoh,  March,  igii. 

Acting  Superintendent,  Consolidated  Gas  Company,  14th  Street 
and  Avenue  C,  New  York,  New  York, 

RoBERSON,  Jay  C.,  March,  1913. 

Superintendent   of    Distribution,    Public    Service   Gas   Company, 
249  East  4th  Street,  Flainlield,  New  Jersey. 

Robinson,  Chauncey  D.,  September,  1911. 

Sales   Representative,    Diamond    Rubber    Company,    Broad    and 
Spring  Garden  Streets,  Philadelphia,  Pennsylvania. 

Robinson,  Rhea  B.,  March,  1913. 

Chemist,  Zenith  Furnace  Company,  5613  Higtiland  Avenue,  West 
Duluth,  Minnesota. 

RuBSEii,  James,  September,  1913. 

Assistant  Chief  Draughtsman,  United  Gas  Improvement  Com- 
pany, 3141  North  17th  Street,  Philadelphia,  Pennsylvania, 

ScHEU.,  WiUiAU  P.,  March,  1913. 

Superintendent's  Assistant,  Brooklyn  Union  Gas  Company,  Foot 
North  I3th  Street,  Brooklyn.  New  York. 

ScHtEGEi,,  Cabl  A.,  September,  1913. 

Cadet  Engineer,  Construction  Department,  United  Gas  Improve- 
ment Company,  1401  Arch  Street,  Philadelphia,  Pennsylvania. 

ScHioEDEs,  Carl  Robert,  March,  1912. 

Cadet  Engineer,  Distribution  Department,   Public  Service  Gas 
Company,  104s  Bloomfield  Street,  Hoboken,  New  Jersey. 

ScHUCK,  Conrad,  Jr.,  March,  1911. 

Assistant    Superintendent,    Public    Service    Gas    Company,    258 
North  Park  Street,  East  Orange,  New  Jersey. 

Seelev,  Harold  K.,  September,  1913. 

Assistant   Superintendent,  City  District,   United  Gas  Improve- 
ment  Company,  1931   South  9th   Street,  Philadelphia,  Pcnnsyl- 

Shaughhessy,  Thomas,  Jr.,  September,  1912. 

Engineer's  Assistant,  Consolidated  Gas  Company,  134  East  15th 

Street,  New  York,  New  York. 
Sheehy,  John  Charles,  September,  1911. 

Queens  Borough  Gas  &  Electric  Company,  7  State  Street,  Far 

Rockaway,  New  York. 
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Shebwood,  Hekbest,  September,  1910. 

Acting  Superintendent,  Westchester  Lighting  Company,  119 
WoodwoTth  Avenue,  Yonkers,  New  York. 

SuiTH,  Geokge  Lathkop,  September,  1913. 

Assistant  Superintendent,  West  Philadelphia  District,  United 
Gas  Improvement  Company,  4650  Market  Street,  Philadelphia, 
Pennsylvania. 

SouMAR,  Alban  M.,  March,  IQ13. 

Chief  Clerk,  Savannah  Gas  Company,  Post  Office  Box  426, 
Savannah,  Georgia. 

Sprau,  Robert  Lee,  September,  1912. 

Assistant  Superintendent,  Louisville  Gas  &  Electric  Company, 
7th  and  Ormsby  Streets,  Louisville,  Kentucky. 

Takbant,  Stanley  G.,  March,  igi2. 

Statistician,  Westchester  Lighting  Company,  i  st  Avenue  and 
ist  Strett,  Mount  Vernon,  New  York. 

Tennev,  George  C,  Jr.,  March,  1912. 

Mechanical  Engineer,  Public  Service  Gas  Company,  35  Front 
Street,  Newark,  New  Jersey. 

TiNNEY,  Thomas  Brown,  March,  1913- 

Chemist,  United  Gas  Improvement  Company,  303  Lafayette  Ave- 
nue, Collingdale,  Pennsylvania. 

Tobias,  William  A.,  September,  1912. 

Foreman  of  Gas  Distribution,  Mohawk  Gas  Company,  Schenec- 
tady, New  York. 

TouB,  Reuben  S.,  March,  1912. 

Instructor  in  Gas  Engineering,  University  of  California,  1553 
LeRoy  Avenue,  Berkeley,  California. 

Travis,  George  W.  Lehov,  September,  1912. 

Assistant  Engineer,  Department  Mains  and  Services.  Consoli- 
dated Gas  Company,  124  East  isth  Street,  New  York,  New  York. 

Vecker,  Samuel  P.,  March,  191 2. 

Manager,  Key  West  Gas  Company,  Fleming  and  Simonton 
Streets,  Key  West,  Florida. 

Wagner,  Edwin,  October,  1906. 

Care  of  Amerillo  Gas  Company,  Amerillo,  Texas. 

Warner,  Charles  Pierie,  March,  igio. 

Cadet  Engineer,  United  Gas  Improvement  Company,  1401  Arch 
Street,  Philadelphia,  Pennsylvania. 

Whipple,  Robert  H.,  March,  1913. 

Engineering  Department,  American  Gas  Company,  West  Wash- 
ington Square,  Philadelphia,  Pennsylvania. 
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White,  William  Morse,  March,  1912. 

Superintendent,  Coke  Oven  Plant.  Philadelphia  Suburban  Gas 

6  Electric  Company,  3503  West  Founh  Street,  Chester,  Pennsyl' 

Wilson,  Wabd,  October,  1906. 

Fireman  of  Distribution,  Lynchburg  Traction  &  Light  Com- 
pany, 316  Euclid  Avenue,  Lynehbui^,  Virginia. 

WiSKE,  Pkescott  B.,  March,  igi3. 

Superintendent's  Assistant,  Brooklyn  Union  Gas  Company,  sth 
and  Hoyt  Streets,  Brooklyn,  New  York. 

Wood,  Frank  A.,  September.  1912. 

7  Florida  Street,  Dorchester,  Massachusetts. 
WooiWOFra.  W1U.IAM  P.,  September,  igii. 

ipi  Garfield  Place,  Brooklyn,  New  York. 
Wrichi,  Williau  Gano,  September,  1912. 

Street   Clerk,   Westchester   Lighting  Company,   I19   Woodworth 

Avenue,  Yonkers,  New  York. 
ZooK,  Samuel  Kijbtz,  October,  1906. 

Superintendent,    Public    Service    Gas    Company,    Washing    and 

Peace  Streets,  New  Brunswick,  New  Jersey. 

Total  Junior  Members  141 


SUMMARY. 

Honorary  4 

Lite  1 

Active  1104 

Associate    221 

Junior  141 

Total  1471 


D.gnzed  by  Google 


MEMBERS  OF  THE 

AMERICAN  GAS  INSTITUTE  ARRANGED 

GEOGRAPHICALLY 


Birmingham    A.  H,  Ford. 

Mobile    Albert  F.  Kersting. 

Selma  R.  L.  Ellis. 


Little  Rock  W.  F.  Booth. 

Ctlifomla 

Berkeley  Reuben  S.  Tour. 

Fresno   Wm.  M.  Henderson, 

M.  h.  Neely. 

Jackson  B.  E.  Letang. 

Los  Angeles  Robert  M.  Adams. 

William  Baurhyte. 

Jos.  U.  Berkley. 

W.  H.  Settle. 

Hennf  W.  BurkharL 

W.  B.  aine. 

John  T.  Creighton. 

Addison  B.  Day. 

William  J.  Dorr. 

Robt.  F.  Fiti. 

Charles  P.  Houghton. 

Charles  A.  Luckenbacb. 

Thomas  P.  McCrea. 

Frederick  Charles  Millard. 

C.  S.  Vance. 

Modesto    Frank  A,  Cresscy,  Jr. 

OakUnd    F.  A.  Leach.  Jr. 

Pasadena    C.  W.  Koiner. 

San  Diego   Henry  H.  Jones. 

San  Francisco  John  A.  Britton. 

Edward  C.  Jones. 

Leon  B.  Jones. 

D.  E.  Keppelmann. 
F.  V.  T.  Lee. 
John  Martin. 
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California— ( r<M/tnMi/) 
San  Francisco C.  O.  G.  Miller. 

Saml.  L.  Naphtaly. 
San  Jose  Robert  H.  Hargreaves. 

John  D.  Kuster. 

Santa  Monica  W.  S.  Dole. 

Searks  John  W,  Horasey. 

Upland  Isaac  C.  Baxter. 

Wbittier    C.  F.  Patterson. 

Colorado 

Colorado  Springs  Ira  Abbott  Miller. 

Denver    John  T.  Brady. 

R.  Garland  Gentry. 

R.  G.  Griswold. 

M.  E.  Malone. 

Clare  N.  Stannard. 

A.  F.  Traver. 

Greeley —  Howard  C.  Estberg. 

Pueblo    James  M.  Dailey. 

C.  C.  Durkee. 

Connocticot 
Bridgeport    C.  M.  Gerdenier. 

Wm.  P.  Hutchinson. 

Ralph  T.  Munson. 

A.  J.  Palmer. 

Geo.  W.  Roberts. 

H.  H.  Sprague. 

Danbury  George  E.  Cowperthwaite. 

Derby  Chas.  H.  Nettleton. 

George  H.  Scranton. 

Hartford  B.  W.  Perkins. 

Meriden Charles  A.  Learned. 

Mtddletown    Edgar  C.  Weston. 

Milford  Wilham  Reeves. 

New  Haven  J.  Arnold  Norcross. 

Clarence  E.  Thompson. 

Robert  E.  Wyant. 
New  London  V,  E.  Bird. 

H.  H.  Field. 

Rockville  William  Morgan  Lewis. 

Stamford    Henry  J.  Warren. 

John  A.  Waters. 
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Torrington    Frank  M.  Travis. 

Waterbury  John  D.  Alden. 

Alex,  J.  Campbell. 

E.  H.  Williams. 
Windsor  Locks  W.  P.  Schwabe. 

Wilmington    Wm.  J.  McCorkindale. 

District  of  Columbia 
Washington  C.  Clay  Bayly. 

Frederic  Egner. 

Thomas  J.  Fisher. 

Thomas  F.  Holden. 

James  S.  Mcllhenny. 

Robert  L.  Middleton. 

T.  Symmes  Tincher. 

Sanford  N.  Whitwell. 

Peter  Young. 
Florida 
Jacksonville    Clarence  S.  HammatL 

Harry  B.  Hoyl. 

David  S.  Long. 
Key  West  Carter  H.  Page.  Jr. 

S.  P.  Vecker. 

Ocala    Chas.  W.  Hunier. 

Pensacola    Charles  F.  Zeek, 

St,  Augustine   Daniel  Fitzpatrick. 

C.  L.  Lyon. 
Tampa LeRoy  C  Heavner. 

Rosco  Nettles. 
GeorgU 
Atlanta    P.  S.  Arkwright. 

Richard  C.  Congdon. 

F.  B,  Crowell. 
A.  D.  Whittaker. 

Augusta  Morris  D.  Schindler. 

Columbus    MacDougald  Dexter. 

Macon  George  R.  Horning. 

Rome    James  Ferrier. 

Savannah   J,  L.  Cabell. 

John  W.  Golden. 

Alban  M.  Sommar. 
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Boise   Chas.  M.  Eyman. 

O.  G.  F.  Markhus. 


niinois 
Aurora  I.  C.  Copley. 

F.  M.  James. 

P.  aMalky. 

Henry  L.  Rice. 

C.  B.  Strohn. 

R.  N.  Strohn. 

Belleville  Harry  B.  Kircher. 

Champaign    Lawrence  V,  Burton, 

Chicago    Knowlton  L.  Ames. 

C.  F.  Asendorf. 
Wm.  A.  Baehr. 
T.  R.  Beebe. 

R.  W.  Bingham. 

D.  H.  Brush,  Jr. 
John  C.  Buckley. 

F.  S.  Carnes. 
Frank  Cavenagh. 
Alfred  A.  Chichester. 
Mat  bias  Connors. 
Edward  G.  Cowdery. 
.A.  D.  Cressler. 

A.  M.  Cressler. 

G.  H.  Cressler. 
K.  M.  Cressler. 
C.  F.  Daniels. 
James  E.  Davies. 
R.  N.  Davis. 
Rufus  C.  Dawes. 
C.  I,.  Day. 
Alfred  B.  Eaton. 
L.  B.  Elliott. 

1.  C.  Elston,  Jr. 
F.  J.  Ely. 
Ralph  Esau. 
John  H.  Eustace. 
Charles  H.  Evans. 
Albert  L.  Farr, 
John  Ginley. 
H.  D.  Harper. 
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Chicago   R.  B,  Harper. 

A.  S.  Harrington. 
Julian  G.  Hart. 
W.  E.  Hartman, 
Homer  T.  Hirst,  Jr. 
Jesse  B.  Hirst 
Eugene  A.  Hults. 
H.  R.  Hum. 
Wiltiam  B.  Jackson. 
Benjamin  J,  Kellnm. 
Wm.  J,  Knapp. 
Henry  Koppers. 
J.  W.  Lawlor. 
Henry  I.  Lea. 
Thomas  J.  Lucas. 
A.  J.  Luict 
F.  E.  Luther. 
J.  N.  McCallum. 
N.  A.  McClary. 
Joseph  C.  Markle^. 
William  P.  Martin. 
J.  E.  J.  Mayer. 
Charles  W.  Melcher. 
T.  D.  Miller. 
Thomas  N.  Mordue. 
John  M.  Morehead. 
R.  L.  Morley. 
Edward  E.  Morrell. 
Wm.  J.  Norton. 
H.  L.  Olds. 
Geot^e  G.  Olmstead. 
0«o  E.  Osthoif. 
Dudley  W.  Peningtiin. 
Henry  Peters. 
L.  R.  Phillips. 
Edward  G.  Pratt. 
Henry  Pratt 
Theo.  V.  PurcelL 
James  A.  Rafferty. 
D.  G.  Ramsay. 
Charles  J.  Ramsburg. 
Richard  Rees. 
5.  A.  Reinhard. 
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Chicago   Chas.  £.  RdnJcker. 

Irwin  Rew. 
Daniel  Roesch. 
Rudolph  Schenck. 

C.  C.  Schiller. 
Samuel  C.  ShafFner. 
Jacob  M.  Spiuglass. 
W.  D,  Sweetman. 
Charles  E.  Ummach. 
F.  B.  Wheeler. 
Lyman  A.  Wiley. 
John  Williamson. 
Richard  Williamson. 
Edwin  E.  Witherby. 
Herman  Zitzewitz. 

Decatur   Robert  Mueller. 

DeKalb    E  S.  Davidson. 

Dixon  Edward  W.  Galloway.      , 

Justin  E.  Harlow. 

East  St.  Louis Charles  H.  Quackenbuth. 

Elgin C.  H.  Dunbar. 

Evanston  R.  J.  Jenks. 

Andrew  Mclntyrt 

Thomas  V.  Salt 

Freeport  E.  D.  V.  Dickey. 

Joliet   David  Elder. 

Kewanee   Elmer  W.  Smith. 

Oak  Park  Charles  W.  Bradley. 

H.  H.  Clark. 

Mathias  Britsch. 

Ernest  Jacobson. 

E  J.  H.  Wright. 
Peoria  H.  E.  Chubbuck. 

D.  G.  Fisher. 
Ross  5.  Wallace. 

Quincy   Harry  O.  Channon. 

Carl  Steinwcdell. 
Rockford    C.  W,  Butterworth. 

A.  W.  Kendall. 

Garnet  W.  McKee, 

J.  F.  Parker. 

George  D.  Roper. 

Henry  S.  Whipple. 
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Rockford  W.  A.  Wilson. 

Rock  Island  Frederick  W.  Rrim-rs. 

South  Chicago  W.  H.  Allen,  Jr. 

Waukegan    H.  T.  Crawford. 

George  F.  Goodnow. 

ladUsa 

Anderson    M.  G.  Reynolds. 

Aubnm  Byron  H.  Danforth. 

Columbus  C.  M.  Keller. 

Connersville  George  C.  Hicks,  Jr. 

E.  D.  Johnston. 

J.  S.  Tatman. 

Elwood  David  S,  Milne. 

Evansville   J.  C.  Silverthom. 

Fort  Wayne  Fred  W,  Freese. 

Olaf  N.  Guldlin. 

G.  Max  Hofmann. 

Lothar  Hofmann. 

S.  E.  Mulholland. 

Thomas  W.  Stone. 

Orrell  O.  Thwing. 

John  V.  Wills. 

Franklin    J.  S.  Dales.  Jr. 

Gary  Leonard  Fitigerald. 

Greencasile  John  G,  Martin. 

Hammond    A.  S.  Graham. 

H.  C.  Miller. 

William  D.  Ray, 
Indianapolis    H.  M.  Chapman. 

Philmer  Eves. 

Carl  H.  Graf. 

Henry  Rochat. 

Frank  W.  Sargeant. 

George  Summers. 
Lafayette    Wm,  I.  Battin. 

S.  T.  Murdock. 

Logansport   George  M.  Dolley. 

Marion  Ira  C.  Covert. 

Michigan  City  Chester  N.  Chubb. 

H.  V.  Armstrong. 
Muncie    J.  E.  Colvin. 

J.  H.  Maxon. 
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New  Albany   James  W.  Dunbar, 

Noblesville   R.  H.  Lawlor. 

Plymouth  Howard  W.  Duncan. 

South  Bend  Edw.  B.  Myers. 

Benj.  S.  Walters. 

Terre  Haute  Alfred  S.  Cooke. 

Valparaiso    LeRoy  O.  Gordon. 

Boone  H.  G.  Stillson. 

Burlington  Edward  D,  Clary. 

Cedar  Rapids Thomas  Sucbomel. 

E.  G.  Weisgerbcr, 

Charles  City  R.  K.  Runner. 

Clinton    Thomas  Crawford. 

Council  Bluffs  A.  L.  English, 

Davenport Hubert  C.  Blackwell. 

Joseph  F.  Porter. 
Des  Moines  T.  Bertram  Genay. 

Jansen  Haines. 

£.  H.  Martin. 

Emil  G.  Schmidt. 

W.  H.  Thomson,  Jr. 

G.  I.  Vincent 
Dubuque    E.  W.  Eustace. 

George  McLean. 

Eagle  Grove   J.  A.  Innes. 

Fort  Dodge  R.  M.  Parker. 

Muscatine  Edw,  M,  Walker. 

Oskaloosa  J,  F.  Griffin. 

Uttumwa  Edw.  L.  Lambert. 

Sioux  City  Wm.  J.  Bertke. 

Leonard  L.  Kellogg. 

Washington    George  S.  Carson. 

Waterloo  Austin  Burt, 

N.  G.  Phelps. 
Webster  City  Campbell  W.  Fair, 

Chetopa  James  C.  Gibson. 

Independence  A.  B.  Macbeth, 

Kansas  City  W.  H.  McKenzie. 

Tc^eka   George  J.  Swan, 

L.  G.  Treleaven. 
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Hopkinsvjile    R.  A.  FieU. 

Louisville  A.  H.  Barret. 

William  H.  Cnitcher. 

Geo.  H.  Harries, 

Frank  Huber. 

J.  J.  Humphreys. 

Donald  McDonald. 

Robt.  L.  Sprau. 

Harry  R.  Swann. 
Richmond  Benj.  A.  Dougherty. 

LoniaUna 

New   Orleans    Ralph  L.  Crump. 

Geo.  H.  Davis. 
H.  M.  Harriman. 
Richmond  E.  Slade. 
Wm.  vonPhuI. 


Augusta Walter  S.  Wyman. 

Bangor Herbert  E.  Harriman. 

O.  A.  Merchant,  Jr. 

Biddeford  Saml.  L.  Parchcr. 

Lewiston  John  J.  Scott. 

Milo   Vernon  K.  Gould. 

Mar;^aiHI 
Baltimore  George  Beadenkopf. 

Howard  Bruce. 

C.  H.  Claiborne. 

Charies  M.  Cohn. 

Charles  H.  Dickey. 

Edmund  S.  Dickey. 

E.  Bartlett  Hayward. 

E.  S.  Newbold. 

L.  Irving  Pollitt. 

George  R.  Althen. 

Louis  N.  Rancke. 

Edward  L.  Rieha. 

Albert  Rosenthal. 

R.  S.  Scott. 

Carl  C.  Thomas. 

Fred  H.  W^ner. 

Charles  White. 
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Frederick  J.  R  Enright 

Hagerstown   Marshall  M.  Milton. 


AHletxiro    William  J.  Luther. 

Beverly    C.  R.  Prichard. 

Boston  Perry  Barker. 

W.  B.  Calkins. 

Herbert  N.  Cheney. 

Alfred  Clarke. 

Dwighi  T.  Con  is. 

F.  N.  Eisenman. 

John  A.  Gould. 

Robert  Grant. 

Chas.  W.  Hunter. 

Wm.  J.  UveUe. 

A.  D.  Little. 

W.  E.  McKay. 

Arthur  E.  Norton. 

Harry  A.  Norton. 

Edward  Page. 

Alfred  R.  Patterson. 

Theo.  H.  Piser. 

J.  R.  Reybum. 

J.  L.  Richards. 

Frederick  P.  Royce. 

Howard  T.  Sands. 

Albert  B.  Tenney. 

Frank  F,  Tripp. 

Bowen  Tufts. 

Hans  von  Vittinghoff. 

P.  K.  Wells. 

William  Austin  Wood. 

Edgar  N.  Wrighlington. 

Brockton  Henry  K.  Morrison. 

Cambridge  Albert  M.  Barnes. 

J.  P.  Kennedy. 

Charlestown  Samuel  J.  Fowler. 

Dorchester   F.  A.  Wood. 

East  Boston  N,  W.  Gifford. 

East  Cambridge Isaac  T.  Haddock. 

Everett Howell  Fisher. 

Robert  M.  Folsom. 
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Kverett J.  M.  McClellon. 

Alexander  B.  Way. 

John  F.  Wing. 
Fall  River   R.  B.  Clark. 

Joseph  E.  Nute. 
Fitchburg  Clifton  R.  Hayes. 

George  W.  Stiles. 

Pramingham   George  H.  Priest. 

Harwich  Port  J.  D.  Hackstaff, 

Haverhill   Forest  J.  Nason, 

Charles  Otten,  Jr. 

F.  M,  Roberts. 
Lawrence  C  J.  R.  Humphreys. 

Fred  H.  Sargent. 

H.  G.  Taylor. 
Lowell    R  Buckminster. 

Roland  0.  Porter. 
Lynn  Almon  E.  Call, 

Charles  F.  Prichard. 

Maiden    C.  E.  Paige. 

Nantucket  Rc^er  P.  Loud. 

New  Bedford   Robert  Lindsay, 

Wm.  H.  Snow. 

Newton   Waldo  A.  Learned. 

Pepperell  C  L.  Gerould. 

Pittsfield    Harry  C.  Crafts. 

Quincy  Wm.  B.  Nichols. 

Springfield    Benjamin  P.  Bill. 

Herman  Burgi. 

Charles  H.  Tenncy. 

Wakefield    Albert  B.  Morton, 

Webster   H.  S.  Shaw. 

Weymouth    Cornelius  F.  Callahan. 

Hiram  Helman. 

Chas.  O.  S.  Howard. 

George  P.  Smith,  Jr. 

Winchester  Chas,  W,  Hinman. 

Worcester  Dana  ,D.  Bamum. 

Charles  Dudley  Lamson, 

Hlchigan 

Ann  Arbor  Henry  W.  Douglas. 

Alfred  H.  White, 


D.gnzed  by  Google 


I — (Continued) 
Battle  Creek   F.  K.  Berry. 

D,  N.  Frazer. 

Bay  City  Samuel  Ball. 

Big  Rapids  R.  Shacklette. 

Detroit  Abram  T.  Baldwin. 

William  Tefft  Barbour. 

J.  W.  Batten. 

Warren  S.  Blauvelt. 

James  A.  Brown, 

Dwight  F.  Burritt. 

Irvin  Butte  rworth. 

M.  H.  Cutcheon. 

V.  F.  Dewey. 

Alonzo  P.  Ewing. 

Wm,  G.  Henry. 

Jules  G.  MofTman. 

Ralph  A.  Jayne. 

George  I.  Keal. 

Nathan  G.  1>alrey. 

Alfred  G.  Lloyd.      s 

Ernest  F.  Lloyd. 

James  T.  Lynn. 

J.  N.  McCallum. 

Geofge  Osius. 

W.  H.  Pearson,  Jr. 

Charles  S.  Ritter. 

Henry  D.  Schall. 

C.  A.  Schwarm. 

A.  F.  Shattuck. 
Otis  A.  Sinsel. 

B.  O.  Tippy. 
Chas.  W.  Tippy. 
Edwin  G.  Van  Wie. 
A.  L.  Wilkinson. 
Leigh  E.  Worthing. 
L,  B.  Youi^. 

Flint  H.  M.  Eaton. 

Grand  Rapids  W.  A.  Aldrich. 

Jos.  H,  Brewer. 

Glenn  R,  Chamberlain. 

John  Hellen. 

Frank  T.  Hulswit 

Jno.  A.  Hulswit. 
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Grand  RHpids Chas.  B.  Kelsey. 

Richard  Schaddetee. 

Albert  G.  Schroedcr. 

Frederick  Seymour. 

Albert  I.  Snyder. 

T.  J.  Weber. 

Fred  A.  Willard. 

John  T.  Young. 
Jackson    W.  M.  Eaton. 

B.  R.  I,arawa]r. 
Katamazoo  Walter  M,  Blinks. 

Frank  W.  Blowers. 

Charles  T.  Chisholm. 

J.  J.  Knight. 

Ellis  R.  Lewis. 

A.  L.  Zwisler. 
Lansing   D.  K.  Crighton. 

T.  B.  Ordish. 

Marquette   H.  J.  Waterbury 

Marshall   Carroll  Collins. 

Port  Huron  J.  C.  S'oan, 

Minnesota 

Duluth  C.  W.  Andrews. 

Faribault  B.  W.  Cowpcrthwait. 

Mankato  Robert  E.  Brown. 

Minneapolis F.  W.  Little. 

Frederick  C.  Shepard. 

Red  Wing  Howard  Bixby. 

St.  Paul  John  P.  Crowley. 

Paul  Doty. 

D.  W.  Flowers. 

Ole  S.  Johnson. 

Bert.  F.  Pelton. 

George  Stein wedell. 

H.  B.  Stiles. 

We&t  Duluth  Rhea  B.  Robinson. 

Winona Wm.  F.  Clausen. 

MiisUiippi 

Jackson    Raymond  H.  Smith. 

Vicksburg  John  J.  Gannon. 

Walter  J.  Phifer. 
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Boonville W.  E.  Sombart. 

Excelsior  Springs Saml.  W.  Henderson. 

Independence  Robert  S.  Miller, 

Joplin  B.  J.  Crahan. 

Kansas  Gty  E.  L.  Brundrett. 

Byron  E.  Chollar. 

E.  W.  Hammond. 

A.  Hurlburt. 

E.  E.  Keeler. 

Miss  Anna  Virginia  Miller 

F.  F.  Schauer. 
John  M., Scott. 
M.  M,  Sweetman. 
William  M.  Wood. 

Sedalia H.  D.  Frueauff. 

St.  Charles  . . ; Lee  G.  Stealey. 

St,  Joseph  V.  L.  Elbert. 

St.  Louis Augustin  J.  Daly. 

John  Dell. 

William  S.  Dodd. 

A,  C.  Einstein. 

Geo.  B.  Evans, 

J.  L.  Haehnlen. 

C  L.  Holman. 

W.  J.  Knothe. 

W.  A.  Lock  wood. 

Donald  Mac  Arthur. 

W,  D.  O'Neil. 

Jesse  E,  Pipkin. 

Roger  W.  Polk. 

Daniel  R.  Russell. 

Barney  H.  Sanders. 

Robert  Seeger. 

E.  H.  Tinsman. 

Jacob  D.  von  Maur. 

H.  C.  Wehnert. 

W.  H,  Whitton. 

Leigh  Wiclcham. 
Webster  Groves  J.  E.  Hillemeyer. 

S,  H,  Wallace. 


Bozeman   Arthur  W.  Richter. 

Helena  G.  A.  Strain. 

Missoula   Edward  C.  Collier. 
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Fremont  W.  H.  Merritt. 

Omaha  G.  W.  Clabaugh. 

John  C.  Grey. 

Alfred  H.  Hansen. 

MiHord  L.  Kane. 

Joseph  Lucena. 

J.  H.  Malin. 

G-  A.  NeaJ,  Jr. 

Wm.  H.  Taylor. 

J  H.  Warnick. 

If«w  BampsUn 

Concord    A.  J.  Smith. 

Keene  G.  M.  Rossman. 

Manchester    Walter  G.  Africa, 

Wtx.  H.  Scott. 
Nashua  Walter  F.  Norton. 

Hew  JerMr 

Atlantic  City  Carlton  Geist. 

Bayonne  H.  A,  Wheeler. 

Burlington  William  Strobridge. 

Camden John  J.  Burldgh. 

George  W.  Curtis. 

James  N.  Downey. 

Harry  Ellis. 

George  Hobdell. 

Thomas  Littlehales. 

E.  A.  Moore. 

Wm.  J.  Rodgers. 

Dover  Seth  H.  Ely. 

East  Orange  Conrad  Schuck,  Jr. 

Elizabeth  Roger  Crilley. 

Francis  Engel. 

Glasaboro    Charles  W.  Hoy. 

Gloucester  City  F.  N.  Hamerstrom. 

Thomas  J.  Litle,  Jr. 

Wm.  P.  McCoy. 

Townsend  Stites. 

C.  W.  Warden. 
Hackensack  Emory  D-  Minard. 

E.  C.  Roberts. 

Chas.  J.  Roeser. 
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Hoboken   Albert  F.  Ganz. 

W.  Greacen,  Jr. 

J.  P.  Henofer. 

C.  R.  Schroeder. 
Jersey  City    James  Ashwonh. 

West  Bissell. 

David  R.  Daly. 

E  J.  Donahue. 

F.  W.  Schmidt. 

Long  Branch  Fredk.  R.  M.  Cutcheon. 

Madison  Fredk.  A.  Lydecker. 

Merchantville   J.  A.  Cailenbach. 

Newark  Edward  B.  Annett. 

William  S.  Barker. 

William  H.  Chad  well. 

John  A.  Clark,  Jr. 

J.  S.  Dc  Hart. 

James  P.  Dusenberry. 

E.  H.  Earnshaw, 

H.  H.  Ferris. 

Ellsworth  Francisco. 

H.  D.  Gillingham. 

W.  M.  Halsey. 

J.  P.  Hanlan. 

James  N.  Killgore. 

Thomas  N.  McCarter. 

J.  G.  O'Keeffe. 

W.  H.  Pcttes. 

Otto  Reiner. 

Geo,  J.  Roberts. 

J.  McClellan  Rogers. 

Jas.  R.  Schuri. 

Alexander  H.  Strecker. 

Geo.  C.  Tenney,  Jr. 

.\doIph  Frederick  Wehner. 

Robert  K.  Wehner. 

H.  D.  Whitcomb. 

Percy  S.  Young. 

R.  R.  Young. 
New  Brunswick  W.  F.  Thomas. 

S.  K.  Zook. 

Ocean  City  Martin  Maloney,  ad. 

Passaic   Oliver  H.  Folger, 
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Paterson    John  Bimson,  Jr. 

Theo.  Bunker. 

Jas.  M.  Une. 

W.  H.  Rogers. 

William  L.  Williams. 
Perth  Amboy Geo.  A.  Bali, 

H.  Foersterling. 

A.  F.  Reitmeyer. 

J,  Charles  Ross. 

Louis  A,  Witte. 
Plainfield    W.  R,  Causebrook. 

Thomas  I,.  Melick. 

Jay  C.  Roberson. 

Pleasantville   John  P.  Tompkins. 

Princeton    John  F.  Hoff. 

Ridgewood    George  S.  Soult. 

Summit    M.  S.  Sherwood. 

Toms  River  B.  H.  Spangenberg. 

Trenton  Charles  G.  Cook. 

.Arthur  R,  Cruse. 

James  H.  Gait. 

Frank  D.  Moses. 
West  Hoboken  James  Kennedy. 

Hew  Toric 

.Albany   S.  P.  Cobb. 

F.  S.  Dunn. 
Wm,  G.  Furlong. 
John  J.  Garrison. 

E.  P.  Oavit. 
Frederick  J.  Ikena. 
Charles  F,  Leonard. 
Donald  McDonald. 

F.  McDonald. 
William  McDonald. 
R.  E.  Sard. 

F.  A.  Scobel. 
.Amsterdam G.  D.  Conlee. 

W.  H.  Cooper. 
.\sloria,  L.  I W,  W.  Burden. 

C.  M.  Carbonell. 
W.  VanAlan  Clark. 

D.  S.  Hudson. 
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Astoria John  C.  Shaw. 

N.  J.  Sperling. 
Crist  H.  Slevick. 

Binghamton    Charles  W.  Bennett. 

Brooklyn  Frederick  R.  Baldwin. 

Fred.  S.  Benson,  Jr. 

Charles  Boone. 

John  H.  Braine. 

Robert  Wilder  Bush, 

Edward  J.  Byrne. 

Edward  Louis  Byrne. 

Thomas  E.  Byrne. 

George  S.  Callaway. 

Charles  A.  Cross. 

Charles  Dougherty. 

Guy  K.  Dustin. 

Charies  M.  Ford. 

Raymond  L.  Greene. 

Theodore  Haight. 

Edwin  D,  Jones. 

James  H.  Jourdan. 

R.  C.  Kellogg. 

Thos.  P.  Kennedy. 

Arthur  G.  King. 

Raymond  C.  Lewis. 

John  D.  Logan. 

Henry  E.  McGowan. 

E.  H.  Mathews. 

Samuel  A.  Mills. 

Albert  F.  Murphy. 

E.  J.  Murphy. 

William  F.  Schell. 

Samuel  V.  Seddon. 

David  J.  Shepard. 

A,  F.  Stanitord. 

L.  S.  Stiles. 

.Andrew  J.  Voorhees. 

John  T.  White. 

Prescotl  B.  Wiake. 

W.  P.  WoodroRe. 

Edward  C.  Uhlig. 

H.  A.  Wuest. 
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Buffalo Lucius  S.  Bigelow. 

H.  C.  Palmer. 

Waller  W.  Richardson. 

William  S.  Riselay. 

Canandaigua  V.  A.  Miller. 

Coney  Island Harry  J.  Dillon. 

Geo.  Herbert  Woodall. 
Far  Rockaway Edw.  L.  Davies. 

L.  A.  How  I  and. 

Carlton  Macy. 

Edward  H.  Marsh. 
Flushing    F.  R.  Smart,  Jr. 

M.  H.  Spear. 

Edw.  J.  Sullivan. 

W.  H.  Sullivan. 
Geneva E.  H.  Palmer. 

George  R.  Santord. 

Glens  Falls  H.  M.  Collin. 

Gloversville  H.  B.  Bryans. 

John  G.  Felton. 

Joseph  E.  Hodgson. 

Louis  C.  Smith. 

Hempstead  O.  J.  A.  Lundblad. 

Ilhaca  James  W.  Murdock. 

Kingston  Franklin  Tobey,  Jr. 

Chas.  Waldron,  Jr. 

Little  Falls  Henry  P.  Collins. 

Lockport  Charles  M.  Kaltwaaser. 

Long  Island  City C.  Cassels  Atwood. 

Clifford  S.  Fox. 

W.  F.  Lawrence. 

M.  E.  Mueller. 

Harry  L.  Snyder. 

C.  G.  M.  Thomas. 

Middletown    C.  H.  Stone. 

Mt.  Vernon  Chas.  F.  Bryant. 

William  J.  Clark. 

Sidney  S.  Coles. 

Edgar  B.  Davis. 

J.  W.  Green. 

Robert  James  Jennings. 

Hideichi  Kawai. 

Alfred  M.  Keene. 
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Mt.  Vernon  R.  M.  Kellogg. 

«  George  T.  Mftcbeth. 

Martin  Morrison. 

W.  L.  Sccord. 

Stanley  G.  Tarrat.t. 

Stuart  Wilder. 

Newburgh    A.  K.  Beal. 

New  York  City H.  C.  Abell. 

Walter  R.  Addicks. 

H.  E.  Almberg. 

H.  W.  Alrich. 

J.  Charles  Andrews. 

J.  H.  N.  Armstrong. 

C.  G.  Atwater. 

Joseph  E.  Aue. 

C.  T.  Ayres. 
Anastasio  C.  M.  Azoy. 
T,  S,  Barlow. 

F.  R.  Barnitz. 
William  E.  Barrett. 
Wtn.  F.  Barrett, 
W.  H.  Barthold. 
Eugen  Becher. 
Edward  A.  Behringer. 
E.  W.  Bell. 
George  E.  Bennitt. 
W.  Russell  Bogart 
William  H.  Bradley. 
James  C.  Brady. 
Ernest  C.  Brown. 
H.  M.  Brundage. 
Martin  F.  Buckley. 

D.  M.  Bull. 
Milan  R.  Bump. 
Sterling  H.  Bunnell. 
Tho9.  J.  Byrne, 
Elbert  P.  Callender. 
S.  K.  Campbell. 
Frank  Carpenter. 
Harold  Carpenter. 
Robert  A.  Carter. 
Robert  A.  Carter,  Jr. 
Joseph  L.  de  Castro. 
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New  York  City Dr.  Chas.  F.  Chandler. 

C.  H.  B.  Chapin. 

E.  S,  Chapin. 
Frank  P.  Cheesman. 

B.  C.  Cobb. 
James  P.  Conroy. 
Horace  G.  Cooke. 
Marshall  Corn  in  e. 
George  B.  Cortelyou. 
William  A,  Crammond. 
William  M.  Crane. 
John  J.  Creeden. 
Philip  Cross. 
William  DeFreitas. 
Frederick  R.  DeVoe. 
J.  Alfred  Dixon. 

R.  hf:  Dixon. 
George  W.  Doane. 
Henry  L.  Doherty. 
Chas.  Dougherty. 

F,  J.  Down. 
William  T.  Drew. 
Philip  Dunne. 
W.  K.  Eavenson. 
A.  B.  Eilbeck. 
Arthur  H.  Elliott. 
Charles  B.  Elmer. 
Wm.  M.  Flook. 
James  R.  Floyd,  Jr. 
O.  H.  Fogg. 
Alfred  E.  Forstall. 
Charles  G.  Francklyn. 
Gilbert  Francklyn. 
Frank  W.  Frueauff. 
Lewis  B.  Gawtry, 

C,  J-  Gefvert. 
Patrick  Goodman. 
W.  R.  Goudy. 
Malcolm  M.  Graham. 
Orange  G.  Griflin. 
Norton  J,  Griffiths. 
F.  E.  Haag, 
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New  York  City A.  H.  Hall. 

Joseph  B,  Hare. 
W.  K.  Harrington. 
F.  S.  Hastings. 
\V.  J.  Hawthorn. 
Harold  A,  Hay  ward. 
Sterling  F.  Hay  ward. 
Frederick  D.  Herbert. 
Edward  Hering. 
C.  M.  Higgins. 
Willard  P.  Hine. 
Walter  H.  Hinman. 
Thomas  F.  Hint^e. 
Chas.  H.  Hodges. 
August  B.  Hohmann. 
Frederic  deP.  Hone. 
David  Leavitt  Hough. 
Abram  C.  Howard. 
William  Greely  Hoyt. 
Alexander  C.  Humphreys. 
F,  W,  Humphreys. 
Jas.  F.  Hunter. 
Edward  B.  Hyde. 
Charles  W.  Isbell. 
C.  N.  Jelliffe. 
Adolph  C.  Johnson. 
Mervyn  E.  Johnston, 
P.  R.  Jones. 
Edward  R.  Jourdan. 
Julius  Kahn. 
C.  F.  Keegan. 
\Vm.  D.  Kelley. 
James  S.  Kennedy. 
I.  C.  Kingsbury. 
I.  Clayton  Kingsbury. 
M.  Kirchberger. 
Alanson  P.  Lathrop. 
Albert  Lauber. 
Robert  E.  Livingston. 
Edward  G.  Love. 
Charles  E.  Lucke. 
Carl  G.  Lueder. 
Robert  O.  Luqueer. 
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w  York  City Jos^h  Lush, 

E.  A.  Lyon. 
J.  M.  McCarthy. 
J.  W.  McCldUn. 
William  McClellan. 
Wm.  J.  McGurty. 
W.  N.  Mcllravy. 
H.  B.  McLean. 
Emerson  McMillin. 
Marion  McMiltin, 
Nonnan  Macbeth. 
George  MacDonald. 
W.  L.  Macintosh. 
A.  Fred  Macklin. 
J,  H.  Mansfield. 
William  D.  Marks.  ' 
John  A.  Mason. 
J.  Alex.  Mayers. 
Giles  W.  Mead. 
Preston  S.  Millar. 
Alten  S.  Miller. 
Robert  C.  Miller. 
L.  B.  Moorhouse. 
Clarence  P.  Morrell. 
W.  Cullen  Morris. 
William  G.  Morris. 
G,  P.  Morrow. 
E.  A.  Nelson. 
John  F.  Nelson. 
Franklin  H.  Nickerson. 
Edwin  North. 
John  O'Connell. 
M.  Webb  Offutt. 
Alva  L.  Palmer. 
Harry  M.  Papworth. 
George  W.  Parker. 
H.  L.  Peden. 
Irwin  W.  Peffly. 
J,  H.  Perkins. 
Frank  J.  Petura. 
C.  Pilz. 
C.  C.  Potter. 
Daniel  J.  Frendergast. 
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New  York  Oty Charles  Raabe. 

George  G.  Ramsdell. 
William  W.  Randolph. 
Wm.  T.  Rasch. 
P.  F.  Reichhelm. 
Hugo  B.  Reinach. 
James  F.  Reynolds, 
Win.  H.  Rhoads. 
Daniel  Riordan. 
Arthur  R.  Ritchie. 
Chas,  D:  Robison. 
Robert,  R.  Rust. 
Eugene  Y.  Sayer. 
PWlip  J.  Schneider. 
Thomas  Scofield. 
Herbert  .Sengcr. 
Thomas  Shaughnessy,  Jr. 
Richard  Shepard. 
Marvin  Shiebler. 
C.  C,  Simpson. 
Henry  Simpson. 
Elliott  L.  Spencer, 
Arthur  W.  Stark. 
John  Stilwell. 
R.  John  Titzel. 
G.  W,  LeR.  Travis. 
Lueien  P.  F.  Tull. 
Alfred  E.  Turner. 
H.  L.  Underbill. 
A.  Van  den  Driessche. 
W.  H.  Van  Winkle. 
George  H.  Warner. 
Albert  J.  Weber. 
Louis  H.  Werner. 
M.  C.  Whitaker. 
Benjamin  Whiteley. 
Chas.  M.  Willis. 
Jas.  E.  Wilmot. 
Louis  Wilputte. 
G.  J.  Wilson. 
S.  E.  Wolff. 
George  E.  Woods. 
W.  H.  Wright. 
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Niagara  Falls   Albert  H.  Merritt. 

Ossining   Riley  W.  Farr,  Jr. 

H.  W.  Terry.  Jr. 

Oswego   R.  F.  Whitney. 

Owego  A.  P.  Storrs. 

Chas.  P.  Storrs. 

Penn  Yan   Wm.  T.  Morris, 

Plaltsburg  George  M.  Cole. 

Portchester   J.  K.  Crowell.- 

Joseph  P.  Kane. 

Port  Washington  John  E.  BuUard. 

Poughkeepsie  E.  V.  Anderson. 

T.  R.  Seal. 

Hugh  M.  Beugler. 

L.  H.  Scherck. 
Rochester  J.  C.  Collins. 

James  B.  Eaton, 

Joseph  P.  Haftenkamp. 

Frank  Hellen. 

James  T.  Hutchings. 

I.  Lundgaard. 

Joseph  P.  MacSweeney. 

A.  Parshall. 

Herman  Russell. 

Kar!  A.  Schick. 
>  E.  C.  Scobell. 

Robert  M.  Searle. 

C.  A.  Tucker. 
Rye   J.  K.  Crowell. 

H.  B.  Kellogg. 

Saranac  Lake  Charles  A.  Gruber. 

Saratoga  Sprites  Patrick  F.  Roohan. 

Schenectady   Wm.  A.Tobias. 

Henry  W.  Peck. 

V.  vonStarzenski. 
Stapleton  John  J.  Callahan. 

W.  M.  R.  Hammond. 

Robert  C.  Morris,  Jr. 

H.  Muller.  Jr. 

William  J.  Welsh. 
Syracuse   William  H.  Blauvelt. 

James  C.  DeLong. 

S.  J.  Dickey. 
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Syracuse Arthur  D.  Dudley. 

Ernest  Johnston. 

S.  C.  Singer. 

L.  M.  Whitwell. 

Edwin  C,  WLtherby. 
Tarrytown  Ernest  R,  Conover. 

John  A.  Neth. 
Troy  James  H.  Caldwell. 

Henry  C.  Shields. 
Utica   William  J.  Cahill. 

Herbert  Gil  more  John  so 
Watertown  Fred  A.  Rogers. 

John  B.  Taylor. 
Westchester J.  M.  Butler, 

Eugene  H.  Rosenquest. 
White  Plains  John  Malakoff. 

E.  S.  Martin. 
Yonkers    E.  O,  Baxter. 

A.  M.  Knapp. 

Herbert  Sherwood. 

Charles  F.  Timm. 

Wm.  G.  Wright, 

Hoith  Caroliiu 

AsheviUe  H.  W.  Plummer. 

Durham  R.  W.  Miller. 

Greensboro    Charles  H.  Andrews. 

New  Bern  F.  H.  Sawyer. 

Winston-Salem    B.  N.  Sullivan. 

Ohio 

Akron  F.  C.  Weber. 

Alliance  D.  W.  Low. 

Ashtabula    Frederick  W.  Stone. 

Bucyrus  H.  O.  Dutter. 

Chillicothe  Frederick  A.  Stacey. 

Cincinnati   Norman  G.  Kenan. 

William  A.  Miller. 

Charles  H.  Printz. 

W.  H.  Schmidlapp. 

.Andrew  J.  Stacey. 

James  E.  Stacey. 
Cleveland  Martin  B.  Daly. 
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Cleveland   H.  C.  Fritz. 

C.  C.  Gartland. 

A.  L.  Gassett. 

L.  C.  Hamlink. 

Frank  R.  Hutchinson. 

Edward  P.  Hyde. 

William  H.  Knight. 

V.  R.  Lansingh. 

Melvin  Pattisoa. 

A,  T.  Perry. 

Pierre  Plantinga, 

Arthur  M.  Smith. 

W.  E.  Steinwedell. 

Frank  E.  Taplin. 

H.  J.  Trenkamp. 

Daniel  R.  Warmington. 

J.  G.  Way. 
Columbus  Thomas  J.  Jones. 

.Alan  Leamy. 

William  R.  Powell. 

Henry  D.  Tumey. 
Dayton   Edward  H.  Light. 

George  Light. 

W.  W.  Price. 

Frank  M.  Tail. 

Delaware  Thomas  Clive  Jones. 

Hamilton  Lazard  Kahn. 

Mansfield  William  C.  Hedges. 

Marion  George  Whysall. 

Massillon Edwin  Wagner. 

Middletown  G.  F.  Ahlbrandt. 

Newark   Melville  Gillett. 

Warren  George  Daugherty. 

Youngslown  Fred  S.  Coombs. 

Oregon 

Portland    W.  B.  Foshay. 

Elmon  L.  Hall. 
Hilmar  M.  Papst. 

PanniylTUiia 

AUentown    J.  Ward  Crankshaw. 

John  A.  Frick. 
A.  C.  Taylor. 
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Arrtmorc  Leon  B.  Eichengreen. 

Howard  Hoffman. 

Isaac  N.  Knapp. 

John  L.  Mather. 

Berwick  L.  D.  Spragle. 

Bethlehem  W.  F.  Brodnax. 

BoHvar N.  A.  Young. 

Bradford  George  P.  Boothe. 

Fred  A.  Miller. 

Carbondale  Chas.  L.  Rowland. 

Catasauqua  G.  W.  Steele. 

Chambersburg  L.  L.  Cadwallader. 

Chester  Hugh  C.  Aiken. 

L.  D.  Huestis. 

J.  D.  Shattuck. 

George  W.  Thomson. 

Wm.  M.  White. 

Charles  Wilde. 

Clearfield    Warren  Partridge. 

Coatesville  A.  P.  McCarthy. 

Collingdale  Thomas  B.  Tinney. 

Darby  Charles  J.  Fox. 

Easton   B.  F.  Cresson. 

Edwin  G.  Holier. 

East  Pittsburgh  Thomas  C.  Clifford. 

Eric F.  H.  Payne. 

Greenville  A.  C.  Hartzell. 

Hamburg A.  J.  Althouse. 

Harrisbui^   C.  M.  Cole. 

Geo.  B.  Tripp. 

Luther  S.  Williams. 

Holmesburg  Isaac  Battin. 

Irwin  Edwards  F.  Wilson. 

Johnstown  John  E.  Morgan. 

Kingston  Wm.  C.  Anderson. 

Lebanon W.  H.  Merritt 

Geo.  S.  Speaker. 

Lewistown   Frank  P.  Duggan. 

Norristown Herbert  H.  Ganser. 

Philadelphia    H.  C.  Adams. 

E.  R.  Alburger. 

Walter  A.  Allison. 

Howard  B.  Anderson. 
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F.  M.  Arthur. 

James  Ball. 
Geo.  J.  Barnes. 
Geo.  S.  Barrows. 
J.  C.  Bartlett. 
Henry  S-  Battin. 
Wm.  P.  Baylie. 
Albert  B.  Beadle. 
Walter  W.  Beaumont. 
Samuel  Taylor  Bodine. 
Charles  O.   Bond, 
Cyrus  Borgner. 
Albert  M.  Boyd. 
Wm.  L.  Brown. 
Charles  L.  Bruff. 
H.  B.  Bryans. 
Ervin  Calhoun. 
Henry  R.  Cartwright. 
William  A.  Castor. 
Walter  C.  Chadwick. 
Walter  L.  Chewning. 
Henry  B.  Christy. 
Wm.  A.  Clader. 
Charles  J.  Clark. 
Walton  Clark. 
W.  W.  Cole. 
David  J.  Collins. 

E.  M.  Colqiihoun. 
H.  R.  Cook,  Jr. 

F.  G.  Corbus. 
R.  C.  Cornish. 

J.  A.  P.  Crisfield. 

G.  W.  Curran. 
Samuel  P.  Curtis. 
R.  E.  Dallas. 

P.  T.  Dashiell, 
H.  W.  Davies. 
William  F.  Dorner. 
James  B.  Douglas. 
W.  F.  Douthirt. 
Ronald  B.  Duncan. 
W.  G.  Earnshaw. 
Owen  B.  Evans. 
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. .  Samuel  E.  Pairchild.  Jr. 
Walton  Forslall. 
J.  Scott  Fowler. 
Wm.  B.  Franklin. 

F.  C.  Freeman. 
Walter  H.  Fulweiler. 
William  H.  Gartley. 
Clarence  H.  Geist. 
Thomas  S.  Genay. 

P.  H.  Gibbons. 
Francis  H.  Gilpin. 
H.  W,  Graeflf. 
Albert  W.  Grant,  Jr. 
Albert  Green. 
John  Gribbel. 
W.  Griffin  Gribbel. 
Rowland  E.  Griffis. 
H.  O.  Gross- 
CliSord  L.  Haldeman. 
Charles  F.  Hardick. 
C.  Willing  Hare. 
Geo.  M.  Harrison. 
William  E.  Helme. 

G.  R.  Hemminger. 
J.  H.  Hubbs. 
Herbert  E.  Ives. 
Thos.  H.  Jackson. 
Robert  C.  James. 
Edwin  P.  Jones. 
William  Kane. 
.\ugust  C.  Klein. 

John   Bartleman  Klumpp. 
P.  J.  Latore. 
W.  P.  Une. 
Louis  R.  Lemoine. 
W.  W.  Levering. 
Lewis  Lillie. 
H.  Livingston. 
John  Mcllbenny. 
John  D.  Mcllhenny. 
.\ndrew  P.  Maloney. 
William  H.  Marshall. 
Sidney  Mason. 
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James  B.  Mingus. 


F.  N.  Morton. 
Wayne  R.  Moyer. 
Joseph  B.  Meyers. 
Carroll  B.  Nichols. 
Rollin  Norris. 
C.  J.  O'Donnell. 
William  H.  Parish. 
Joseph  Smith  Parker. 
W.  F.  Pearce. 
J.  A.  Pearson, 
Harry  G.  Peck. 
M.  F.  Perkins. 
Rowan  P.  Perkins. 
Jos.  A.  Perry. 
H.  W.  PJucker. 
Edward  Porter. 
John  V.  Postles. 
Thos.  S.  Potts. 
Clarence  V.  Roberts. 
Chauncey  D.  Robinson. 
Edward  H.  Rodgers. 
Robert  J.  Rolston. 
William  L.  Rowland. 
John  M.  Ruegenberg. 
John  M.  Rusby, 
James  Russell. 
F.  J.  Rutledge. 
Carl  A,  Sehlegel. 
J.  Fred  Seamon. 
Harold  K.  Seeley. 
William  J.  Serrill. 
John  C.  Sheehy. 
Howard  R.  Sheppard. 
George  L.  Smith. 
J.  H.  Smith. 
Charles  S.  Snyder. 
Jacob  W.  Stinel. 
Morris  W.  Stroud. 
J.  Hawley  Taussig. 
Nathaniel  W.  Thomas. 
Richard  H.  Thomas. 
Paul  Thompson. 


D.gnzed  by  Google 


849 

Ptoiufly*aU—{Coi$iinued ) 
Philadelphia    Fred  G.  Thorn.  Jr. 

Wm.  N.  Tolman. 
'     Carrington  Cabell  Tutwiler. 

E.  P.  Walter. 
Chas.  P.  Warner. 
John  S.  \Velch. 

F.  V.  Western! aier. 
Henry  Wharton. 
Robert  H.  Whipple. 
Edward  R.  Wood,  Jr. 
Stuart  Wood, 

Pittsburgh    .\rthur  Booth. 

Alfred  P.  Brill. 
H,  A.  Carpenter. 
Albert  G.  Davis. 
Charles  D.  Evans. 
R.  C.  Frampton. 
Joseph  F.  Guffey. 
William  H.  Hammon. 
Edw.  D.  Leiand, 
T.  L.  Lewis. 
R.  S.  Lord. 
Waller  L.  McCloy. 
J.  C.  McDowell. 
John  J.  Murray. 

G.  R.  Nutty. 
Willard  B.  Osborne. 
James  H.  Reed,  Jr. 
Joseph  A,  Reed. 
Edwin  Ruud. 
Kenneth  Seaver. 
Thomas  J.  Smith,  Jr. 
Frank  N.  Speller. 
Samuel  B.  Stewart. 
Wm.  W.  Weller. 
Robert  W.  H.  Young. 
R,  H.  Youngman. 

Pottstown   Herbert  G.  Williams. 

Reading  George  B.  Bains,  3d. 

John  H.  Keppelman, 
Scranlon    William  McKelvey  Marple. 

Worth  ington  Sc  rant  on. 

Harold  N.  Squier. 
109 
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Scrauton    E.  M.  Stack. 

Sunbury    George  W.  Beck. 

West  Chester  R.  H.  Dutton. 

William  O.  Lamson,  Jr. 
Williamsport Ernest  H.  Davis.    - 

Wm.  R.  Rhoades, 
Wyncote  Raymond  F.  Chidsey. 

L.  R.  Dutton. 

York  Joseph  E.  Philbrick. 

Khode  Iiloiid 

Newport  A.  K.  Quinn. 

Pawtucket    William  McGregor. 

Providence   George  E.  Allyn. 

W.  C.  Buell.  Jr. 

Edmund  Cathels. 

John  W.  Ellis. 

Earl  R.  Hamilton. 

Carroll  Miller. 

W.  H.  Price. 

Slocums  .A,.  B.  Slater. 

Woonsocket   .Alfred  F.  Townsend. 

Sonth  Caiolis« 
Charleston  CM.  Benedict. 

P.  H.  Gadsden. 

Edward  C.  Kollock. 

G.  H.  Waring. 

Columbia  S.  W.  Brown. 

SoaU  Dakota 

.Aberdeen Charles  A.  Howard. 

Deadwood H.  H.  Hyde. 

Mitchell  E.  J.  Sherwood. 

Sioux  Falls   S.  E.  Linton,  Jr. 

Watertown  C.  H.  Bell. 


Knoxville  Alfred  W.  Young. 

Memphis  L.  G.  Van  Ness. 

Nashville Frank  J.  Blake. 

Roger  B.  Combs. 

G,  Maxwell  Johnson. 

A.  S.  B.  Little. 

B.  V.  Pfeiffer. 
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Amerillo  Edwin  Wagner. 

Austin    H.  M.  Moore. 

Abilene  A.  V.  WainwriyhL 

Beaumont    M.  T.  Walker. 

Dallas Henry  C.  Morris. 

El  Paso  Keating  Lewis  Simons. 

GalvestoD  Chas.  S.  French. 

San  Antonio G.  H.  Cushman. 

E.  E.  Eysenbach. 

J.  B.  Franzini. 

E.  B,  Henson, 

W.  B.  Tuttle. 

Dtib 

Salt  Lake  City John  C.  D.  Clark, 

Wm.  R.  Putnam. 

Vennont 

Burlington  David  W.  Jardine. 

Frank  H.  Parker. 

VirginU 

Charlottesville  H.  M.  Hantzmon. 

Danville  Frank  Talbott. 

Fredericksburg  B.  F.  Bullock. 

Hampton  F.  L.  Marshall. 

Lynchburg  Albert  J.  Kohler. 

Ward  Wilson. 
Norfolk  E.  C.  Hathaway. 

R.  J.  Marks. 

Portsmouth  B.  B.  Ferguson. 

Richmond   William  P.  Knowles. 

Suffolk J.  Edw.  Francis. 

Wasbiniiton 
Aberdeen    P.  A.  Bertrand. 

Norman  Smith  Burcombe. 
Seattle   Edward  A.  Dieterle 

N.  C.  Fancher. 

Frederick  K.  Lane. 

A.  F.  Mueller. 
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Spokane B.  C.  Adams. 

W.  A.  Bertke. 

G.  J,  Houston. 
Tacoma   Samuel  Kahn. 

VV.  A.  Leuenberger. 

William  W.  Seymour. 

Henry  H.  White. 

Weit  Viiginia 
Bluefield   Chas.  H,  Brown. 

WiscoDBin 

Beloit   Philip  S.  Dickey. 

T.  J.  Kelley,  Jr. 

Robert  G.  Krumrey. 

B.  F.  Lyons. 

Green  Bay  F.  E.  Newberry. 

Janesville    I.  F.  Worlendyke. 

La  Crosse  H.  Thurston  Owens. 

Madison   C.  F.  Burgess. 

John  Cor  scot. 

F.  L.  Cross, 
Wiley  J.  Huddle. 
O.  L.  Kowalke. 
W.  A.  Richards. 
Arthur  W.  Richter. 
John  St.  John. 

Milwaukee    John  F.  Blackie. 

Fred  Bredel. 
R.  B.  Brown. 
Sheldon  J.  Glass. 
Ewald  Haase. 
Henry  M.  Humphrys. 
R.  P.  Kraft. 

G.  W.  Mackie. 
Bryce  McAdam. 
John  T.  Mason. 
David  A.  Powell, 
lohn  Wallace  Shaeffer. 
A.  C.  Wilke. 

John  Crosier  Wilson. 

Oshkosh  Sinclair  Mainland. 

William  Mainland. 
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C.  A.  Comstock. 

Waukesha  H.  M,  Buck. 

C.  Rodman  Stull. 

Wausau  H.  H.  Wilson. 

Winonah  J.  A.  Patten. 

Belginm 
Brussels    T.  A.  Vander  WilHgen. 


Calgary  A.  I.  Payne. 

Chatham    P.  S.  Coale. 

Hamilton  John  Keillor. 

John  B.  McNary. 

Montreal  Howard  E.  Mann. 

Quebec R.  A.  Wallace. 

Toronto  Frederick  Burnett. 

Arthur  Hewitt. 

Daniel  L.  Hill. 

L.  L.  Merrifield. 

W.  H.  Pearson. 

Cuba 

Havana    George  H.  Caffrey. 

.-\merico  R.  Gonzalez. 
W.  E.  Moekelt. 

EngUnd 

Dudley  \.  O.  Jones. 

Essex  .\rthur  W.  Sumner. 

London    F.  J.  Angell. 

Wm.  A.  Bone. 

L.  D.  Carroll. 

-Arthur  G.  Glasgow. 

H.  M.  Hodson. 

Frederic  Thuman. 

John  Town  send  Westcott. 

Corbet  Woodall. 

Liverpool    William  King. 

Nuneaton   George  Helps. 

Hawaii 

Honolulu  Harry  L.  Strange. 
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Japan 

Kobe Sliosuke  Kubo. 

Nagoya    Sakura  Okatnolo. 

Osaka  Chas.  P.  Cushraan. 

Tokio  Suyekichi  Hi 


Mexico Wm.  McN.  Welsh. 

Hew  Zealand 

Chr-stchurch    R,  C.  Bishop. 

Porto  Rico 

San  Juan    Nathan  H,  Gellert. 

South  America 

Rio  de  Janeiro H.  B.  Harrop. 

SwitieiUnd 
Minusio   .\,  E.  Boardman. 
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SUMMARY—GEOGRAPHICAL. 


...       3 

North    Carolina 

Arkansas    

Ohio 

California    

.-.     37 

Oregon   

Connecticut    

...    26 

Rhode  Island   

Delaware    

...       I 

South  Carolina    

District  of  Columbia.... 

...      9 

South  Dakota  :. 

Florida    

Tennessee   

Georgia    

...     II 

Texas    

Idaho   ;■. 

2 

Utah    

Illinois    

...lag 

Vermont    

Indiana    ... 

Virginia   

Kansas 

Kentucky    

10 

Wisconsin  

Maine    

...      6 

Canada  

Maryland  

...     19 

Cuba    

Michigan  

Minnesota    

...     IS 

Japan   

Mississippi 

...      3 

Mexico  

Missouri    

...     40 

New  Zealand  

New  Jersey  

...    90 

New  York   

...381 

Total  

nr.  OF    MJCHIOAN, 

JUN  8  lau 
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